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PREFACE 



The following work aims at giving a popular and accurate 
view of the main principles of tlie science of Electricity, 
and at preparing the way for the technical or mathe- 
matical study of them. It is intended to embrace the 
same class of readers as the Chemistry of the course, 
namely, the senior pupils at school, and junior students at 
college. 

The work is divided into six sections ; each section is 
divided into chapters ; and each chapter into paragraphs. 
This division is made with a view to convey a clear idea 
of the connection of the main branches of the science, and 
of the various phenomena included under each. The fluid 
theories of electricity, on which the more usual terms of 
the science are based, are explained at sufficient length. 
They are apt, however, to convey the idea that electricity 
is a principle distinct from matter, an impression not 
borne out by experience. Throughout the work, elec- 
tricity is looked upon as a peculiar action which the 
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molecules of matter, under certain conditions, exert on each 
other. A method of explanation is adopted in keeping 
with Faraday's theory of induction, and the manifest 
action of induction, in which it is assumed that electric 
action is one of contiguous molecules, and that nothing 
hut molecular action travels in a current; at the same 
time, each" action is clearly described as it occurs, apart 
from theoretical considerations. 

Care has been taken, as far as possible in an elementary 
work, to include the more recent inventions and methods. 
The British Association unit of resistance is adopted in 
the section on Galvanism, and a chapter is afterwards 
devoted to the method of determining it, and to the 
system of measurement of the current elements in electro- 
magnetic units. The French and German equivalent 
words are given where the same terms are not used. These 
equivalents frequently describe a piece of apparatus, or 
an electric action, from another point of view than that 
from which the English words are taken. Moreover, 
many of them, either in themselves or in their transla- 
tions, have found their way into the English language, 
and they thus save the necessity of giving synonyms. 
A historical sketch is given at the end of each section 
or chapter, in which the author and the date of every 
important discovery or invention are carefully noted. 
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INTRODUCTION. 



AiiL electric phenomena are studied under three heads — 
Statical Electricity, Current Electricity, and Magnetism. 
Statical Electricity investigates the properties of electri- 
city which is insulated, or which is only tending to 
discharge. It is usually got hy Mction, and hence statical 
electricity and frictional electricity are frequently used as 
synonymous. . Erictional electricity as it is usually studied, 
however, not only treats of electricity in its statical 
condition, but of electricity passing in a single discharge 
or momentary current. In fact, a body is never charged 
except by means of discharge in some part of the line of 
action. Statical electricity always occurs in a dual form, 
namely, as positive and negative electricity, the charac- 
teristic property of which is attraction and repulsion. 
When positive and negative electricity neutralise each 
other through a conductor, the conductor shews no trace 
of either, but becomes possessed of entirely new properties, 
which are characteristic of electricity in diadc^dx%<^ Qt S:^ 
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motion. A continued discharge constitutes a cuirent 
Current Electricity, also called Dynamical Electricity, i^ 
chiefly obtained from chemical action (Gfdyanism), from 
mechanical action (Magneto-electricity), and from heat.| 
(Thermo-electricity). The properties of the current are 
manifested partly in its path, partly external to it. The 
current in its path possesses chemical, thermal, and 
physiological powers. External to its path, its action is 
closely aUied with magnetism. When the path of the 
current has the form of a spiral, it possesses properties 
almost identical with those of the magnet. The distin- 
guishing property of the current external to its path, or 
of magnetism, is attraction and repulsion, but with con- 
ditions differing from those of positive and negative 
electricity. Magnetism thus appears to form a branch 
of current electricity. The action of magnets on each 
other, however, which properly constitutes the science of 
magnetism, may be studied quite apart from their apparent 
electric constitution. As the action of the earth on the 
magnetic needle must be understood before current 
strength can be measured, magnetism usually forms the 
first step in the science of electricity. • 



EXPLANATION OF ABBBEVIATIONS, 4c., USED THROUGH- 
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FBENCH MEASURES EEFERRED TO REDUCED TO 

ENGnSH. 



1 Metre . . .is equal to 39*37 inches, about 40 inches. 

1 Millimetre. -03937 » » ^ofaninch. 

1 Centimetre -3937 » » I " 

1 Cubic Centimetre... *061 cubic inches, about ^ of a cubic inch. 

1 Granmie 15*43 grains troy, » ^ of an ounce troy. 

A degree of the Centigrade thermometer is J of a degree of 
Fahrenheit's thermometer. Any particular temperature 
on the Centigrade scale is reduced to Fahrenheit's by 
multiplying it by | and adding 32^ 



ELECTRICITY. 



MAGNETISM. 

1. Magnetism is the power which certain bodies called 
magnets have to attract iron. Magnets are of two kinds, 
natural and artificial Natural magnets consist of the ore 
of iron called magnetic, fiEuniliarly known as loadstone, the 
diemical composition of which is given by the formula 
^6304. This ore, although capable of becoming magnetic, 
occurs only occasionally naturally magnetised. The loadstone 
appears to have been first discovered in Magnesia, in Asia 
Minor, hence the name magnet. Artificial magnets are, for 
the most part, straight or bent bars of tempered steel, which 
have been magnetised by the action of other magnets, or 
of the galvanic current No substance is indifferent to the 
magnet, though iron is most of all affected by it 

2. Polarity of the Magnet— The power of the magnet to 
attract iron is by no means equal 
throughout its length. If a small 
iron ball be suspended by a thread, 
and a magnet (fig. 1) be passed along 
in front of it from one end to the 
other, it is powerfully attracted at 
the ends, but not at all in the middle, 
the magnetic force increasing with the 
distance from the middle of the bar. 
The ends of the magnet where the 
attractive power is greatest are called 
its polea. The concentration of free 
magnetic force at the poles of a magnet may be also &he^i<ni b^ 




Fig. 1. 
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dipping it in iron filings, when a tuft of filings adheies to each 
extremity of it, and the middle is left bare. By causing a 
magnetic needle moving horizontally to vibrate in front of the 
different parts of a magnet placed vertically, and coimtiiig 
the number of vibrations, the rate of increase of the magnetic 
intensity may be exactly found, as will be afterwards shewn. 
Fig. 2 gives a graphic view of this increase. NS is the 
magnet ; the lines nN, oa, &c., represent the magnetic inten- 
sities at the points N, a, &c., of the magnet ; and the curve of 




magnetic intensity, naMaV, is the line formed by the extrem- 
ities of all the upright lines. It will be seen froih the figure 
that the force of both halves, taking M as the dividing-point, 
is disposed in exactly the same way, that for some distance on 
either side of the middle or neutral point there is an absence 
of force, and that its intensity increases with great rapidity 
towards the ends. The centres of gravity of the areas MNti 
and MSn' are the poles of the magnet, which must therefore 
be situated near, but not at the extremities. 

The lines of magnetic force proceeding from the poles of a 
magnet may be shewn by putting a piece of stiff drawing- 
paper over a strong magnetic bar, and strewing fine iron 
filings over it. Not only is the position of the magnet below 
shewn on the paper (fig. 3), but the particles of iron arrange 
themselves in lines which mark out the magTieUc curves or 
lines of force. A magnetic curve is that described by the 
centre of gravity of a small needle, free to move any way when 
it is moved always in the direction pointed out by the needle 
from one pole of a magnet to the other. 



Tile entire space through. wMch a magnet diffuaes its influ- 
ence has been termed Ly Faraday its moigmtic field. A nniforui 
magnetic field is one in wLich the linos of force are parallel to 
each other, Buch aa iinj small spacein the field at some distance 
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from the poles. Any atation on the earth's surface is also a 
uniform field. The rnoment of a magnet is the force lodged 
in one of its poles miiltiplied by the distance between them. 

If between the magnet and the ball in flg. I a sheet of paste- 
boaid, or any other material not containing iron, be interposed, 
the action of the former on the latter would not be lessened. It 
is the peculiarity of m^netio action that it is transmitted through 
sdl substances not decidedly magnetic with equal facility. Moat 
substances are thus, so to speak, magnetically tran^arent. 



^s of free magnetic 



3. A magnet has, then, two poles o: 
force, each having an equal power 
of attracting iron. TliiB is the only 
property, however, which they poa- 
ECM in common, lor when the polea 
of one magnet are made to act on 
those of another, a striking dis- 
similarity is brought to light. To 
shew this, let ns suspend a magnet, ^— 
NS, fig. 4, by a stirrup of paper, ^^ f^ 

M,hanging from a cocoon thread (or ^g_ f 

any fine thread without totsion). 

When the magnet is left to itself, it takes up a fixed position. 
Due end keeping north, and the other soiitli. Tax, watCo.'^^ 
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cannot be made to stand as a south pole, and vice veni 
ioi when the magnet is disturbed, both poles return t 
theiT original positions. Here, then, is a striking diedini- 
larity in the poles, by means of which we are enabled to 
distinguish them as north pole and eouth pole When I 
suspended, let us now try the effect of another maf^ 
upon it, and we eliall find that the pole of the suspended 
niagnet that is attracted by one of the poles of the 
second magnet is repelled by the other, and vice vend; 
where the one pole attracts, the other repels. If^ now, th« 
second magnet be hung like the first, it will be found that the 
pole which attracted the north pole of the first magnet is t 
south pole, and that the pole which repelled it ia a north jmte. 
We thus leoni, that ecuA magnet btu tiM polei, the one a north, 
and li« other a south pole, aliie in their poteer of attTaeting toft 
iron, but differing tn their action on the polct of another magiut, 
Uke potee repelling, and unlik* poUi attracting, each other. 
When a small magnetic bar, or needle, as it is called (fig. 5], 
is finely balanced by means ( " 
^^^ff small inverted agate cup on a 

1^1^^^^^^ ^ needle of steel fixed to a stand, it 
-•^ may be naed as a magnetoscop 

S indicate whether a piece of iro 

steel is magnetic or not. If both 
polea of the needle are attracted 
j' ^ indifferently by any end of it, it is 

^^S^^ not magnetic ; but if one pole 

attracted and the other repelled, the 
Fig. s. piece of iron or steel under eiam 



4. It might be thought that, by dividing a magnet at ita 
centre, the two poles could be insulated, the one half contain- 
ing all the north polar magnetism, and the other the south. 
When this is done, however, both halves become separate 
magnets, with two poles in each— the original north and south 
poles standi]^ in the same relation to the other two poles 
called into existence by the separation. We tan ihtrtfon 
nroer fcni< one kind of tnagnelitm iritfcout having it aeioeiatid 
in Ike $ame magnet with the fame amount of the oppotile 



magnetism. It is tliia double manifestation of force whicli 
coDBiritutes the polarity of the magnet, and a bar of iron 
which ia made to aBBume these poles is said to he polariBed. 

5. The fact of the freely auapended magnet taking up a 
fixed position, has led to the theory, that the earth iteelf acts 
mnch in the same way as a huge magnet, nith its north and 
soath magnetic poles in the neighbourhood of the poles of 
the aiia of rotation, and that the magnetic needle or sus- 
pended m^net tunis to them aa it does to those of a neigh- 
bouiing magnet. All the manifestations of terrestrial mag- 
netism give decided oonflrmatioa of this theory. It is on 
this Tiew that the French call the north pole of the magnet 
the south pole (p6U austral), and the south the north pole 
{pile borial) ; for if the earth be taken as the standard, ita 
north magnetic pole must attract tJio south pole of other 
magnets, and vies vered. In England and Germany, the 
north pole of a magnet is the one wliich, when fteely 
Buspenaed, points to the north, and no reference is made to 
its relation to the magnetism of the earth. 

6. Form of Magnets. — Artificial magnets are either bar mag- 
nets or horseshoe magnets. When powerful magnets are to be 
made, several thin bars of steel are placed side by side with 
theii poles lying in the same way. Tliey end in a piece of iron, 
to which they are bovmd by a brass screw or frame. Three 
or four of these may be put up into the bundle, and these 

'a into bundles of three and four (fig. 6). Such a collection 



of magnets is called a magnetic magazine or battery. A magnet 
of this kind is more powerful than a solid one of the same 
waght and size, because thin bars can be more stiongly 
and regularly magnetised than thick ones. Fig. 7 is a 
hoiseshoe-niagnetic magazine. The central lamina protrudes 
■lightly beyond the other, and it is to it that the arma- 
'i attached, the whole action of tte magoft^. '\«sai% 



concentrated on tlie projecticin. A natural magnet ia shewn 
in fig. 6. It is a parallelopipeil of magnetic irou ok, wilb 
liieces of Boft iron, NN and SS, bound tu ita poles by a brau 





frame encircling the whole. The lower ends of the soft iron 
baxa act as the poles, and Bnpport the armature, A. 

7. Magnetie Induction (Fr, infiuence, Ger. Vfrtheilung).— 
When a short bar of soft iron, ns (fig. 9), is suspended from 

^^^Bftne end, S, of the magnet, NS, it becomes for the time poweT- 

^^VVnUy magnetic. It assumes a north and south pole, like a 

^^™ regular magnet, aa may be seen by using the small magnetic 

needle (fig, 5) ; and if its lower end, e, bo dipped into iron 

filings, it attracts them as a magnet would do. When it ia 

taken away from NS, the filings isM off, and all trace of 

^^H^u^etism disappeai^ It need not be in actual contact to 
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Ekew magnetic properties ; when It is simply brought near, 
the same thing is seen, though to a less extent. If the 
inducing magnet he Eitroug enough, the induced magnet, ni^ 
when in contact, can induce a bar lilie itself, placed at its 
eitreinity, to become a magnet ; and this second induced 
magnet may transmit the magnetism to a third ; and so on, 
the action being, however, weaker each tima If a steel bar 
be used for this experiment, a singular difference is observed 
in its action ; it is only aHier some time that it begins to 
exhibit magnetic properties, and, when eshibited, they are 
feebler than in the soft iron bar. When the steel bar is 
removed, it does not part instantly with its nu^etism, as the 
soft iron bar, but retains it permanently. Steel, therefore, 
has a force which, in the first instance, resists the assumption 
of magnetism ; and, when assumed, resists its withdrawaL 
This is called the eoercilive force. The harder the temper cf 
the steel, the more is the coercitive force developed in it. It 
is this force also, in the loadstone, wiiiuh enables it to retain 
its magnetism. 

The polarised condition of iron under induction seems to 
indicate that a Bubstance which is attracted by the magnet 
most itself become magnetic The attraction between a 
magnet and soft iron is thus essentially the same as that 
between two magnets. Hence we may conclude that mag- 
netic ottTactian and Tepulsion take place only between magneti 
tentporary or yermanent. 

8. Magnetic Armalwee or Keepers (Fr. armures, Ger. Arma- 
luxcarAvkix in the case of horseshoe magnets) are pieces of soft 
iron that are placed at the extremities of magnets to preserve 
their magnetic T>a-we:t. When magnets are allowed to remain 
any length of time without such appendages, in consequence 
of the disturbing influence of terrestrial magnetism they lose 
considerably in strength ; but when they are provided with 
them, their magnetism is kept in a state of constant activity, 
and thereby from this disturbance. The reason of this is to 
be attributed to magnetic induction. Eefeiring to fig. 7, the 
north pole, N, of the horseshoe magnet, KHS, acting on the 
umature, tn, induces it t« become a magnet, having its south 
I, next to N, and its north pole, u, ftt ftie o'g^oa.Xa 
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extiemitj. The pole S, hy virtue of its magnetic affinitf, 
pDwerfullj attracts the sortli pole, n, tbni formed, and add* 
its own inducing itifluent^e to heighten the magnetic condidon 
previousl7 induced in the ftrmature by the pole N. " 
anuature, irom the combined action of both poles of tlis 
liOTseshoe magnet, ia thus converted into a powerful magnet, 
with its poles Ijing in an opposite direction to that of the 
primaiy poles. The original magnet is, in consequence, 
brought into contact with one of its own making, the exact 
eounteipart of itself, the action of which being much 
potent than that of the earth, effectuallj shields it from 
terrestrial disturbance. The attachment of the armature Ia 
the magnet is greater when its coutoct with the magnet is mode 
by a rounded edge instead of a plane surface. It is dne to 
the «ame mutual attractions that a much larger weight 
be suspended from the armature thus placed, than what tha 
single poles can together sustain. Bar magnelB may be armed 
in the same way by laying them at some distance parallel 
to each other, with their nnlike poles towards the some parts, 
and then connecting their eitremitiea by two pieces of sofi 
iron (fig. IS). When a magnet, such as a compass-needle, ia 
free to take up the position required by the magnetism of the 
earth, the earth itself plays the part of an armature. 

9. Magnstisation. — By Single Touch (Fr. dmpk toueht, Gler. 
ebifaeher Strich). The steel bar to be magnetised is lai" 
a table, and the pole of a powerful magnet is rubbed a few 
' times (ten to twenty) along its length, always in tlia 
direction. If the magnetising pole be north, the end of the 
bur it first touches each time beuomcs alno north, and the 
where it is lifted south. The same thing may be done by 
putting, say the north magnetising pole first on the middlt 
of the bar, then giving it a few passes from the middle to the 
end, returning always in an arch from the end to the middJe. 
Alter doing the same to the other half with the south pole^ 
the magnetisation is complete. The firat end rubbed becomes 
the south, and the other the north pole of the new magnet — 
By Dividtd Tavcli (Fr, louche ifparee, Ger. getrennter SiraA). 
This method ia shewn in. fig. 10. The bar, ns, t« be magnetised 
r ia placed on a piece of wood, W, with its ends abutting 
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the eitremiliea of two powerful magnets, NS and SN. Two 
rubbing magnets are placed with their poles near, but not 
touching, on the imddle of m, inclined at an angle rather leaa 
t.haTi 30° with it. They are then simultaneously moved away 
bota each other to the ends of ni, and brought bock in au 




b again to the middle. After this is repeated a few timen, 
pboi ns IB fuUy m^netbed. The dispoaition of the polea 
in the figure by the letters N or n, meaning a north, 
and S or I, a south pole. This method comniunicatea d very 
r^ttlar magnetism, and is employed for magnetic needles, or 
where accuracy is needed, — The magnetisation by Double 
Touch (Fr, double touche, Ger. doppd Strick). The arrange- 
ment at the commencement of the double touch is the same 
as that shewn in fig. 10, only a small piece of wood is placed 
between the two stroking magnets to prevent contact, and 
their angle with the bar to be magnetised is less from IS" to 
2(f. The two magnets are drawn along from the middle to 
one end, and then back to the other, and so backwards and for- 
wards from ten to twenty limes, and lifted from the magnetised 
bar again at the middle. Care must be taken Uiat both ends 
have been stroked the same number of times, and that the 
lower poles of neither of the stroking magnets go beyond the 
ends of the bar. When this is done to both upper and lower 
■urfaces, the bar is fully magnetised. This method is used 
for thick bars. It communicates a powerful, but sometimes 
itregolar magnetism, giving rise, when the poles of the strok- 
ing magnets are not near each other, to etmseculwe polei (Qer. 
Felgapunete] — that is, to more poles than two in the magnet, 
U if Bay three magneta were placed in a. line, the middle one 
lying in the opposite way to the other two. 
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For liorseahoe mnjjuuW, Hoffer's method is generally 
followed. The indntiiig magnet (fig. li) is placed verticaUy 
on tlie mafioet to be formed, and moved from the ends to the 
hend, or in the opposite way, and brought round again, in u 
aich, to the staiting-poiut. A soft iron armature is placed at 
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the poles of the induced magnet. Tliat the operation nay 
eucceed well, it ia necessary for both magnets to be of the 
eame width. The aame method may also be followed for 
magnetising bars. The bal^3 (fig. 12) NS and N'S', with the 
armaturca ab and cd, are placed so aa to form a rectangle] 
and the horseshoe magnet ia made to glide along both in the 
way just described. 

By the Galvanic Current — This is done by placing the 
bar to ho liiagnetised inside a flat coil of insulated wire, 
throngh which a galvanic ciirrimt is circulating, and 
moving it backwoid^ and forwards as in double touch. 
The circuit ia closed when at the beginning of the openitii 
the middle of the bar is at the coil, and opened when the bar 
Elands again, at the middle at the end of it. The magne 
induced in this way is much weaker than tliat got when the 
eame strength of current ia employed through the intervention 
of an elei-'tro magnet. Thick bars or horseshoes of the 
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hudest temper can tie eauly nutgaetised with a etntng electro- 
magnet by rubting each half of the bar or boraeahoes on n 
different pole, beginning at the middle, after the method of 
single touch. Eleotro-mognetB far transcend penaauent 
magneta in power. 

Magnetisation by ike Earth. — The inductive action of 
teireatrial megnetism ia a Btiiking proof of the truth of the 
theory already referred to, that the earth itself ia a magnet. 
When a steel rod ia held in a position parallel to the dipping- 
needle, it becomes, in the coDrse of time, permanently mag- 
netic This result is reached aooner when the bar ia rubb&I 
with a piece of aoft iron. A bar of soft iron held in the same 
position ia more powerfully but only temporarily affected, 
and when reversed, the poles are not reversed with the bar, 
but remain aa before. If when ao held it receive at its end a 
few sharp blows of a hammer, the magnetism is rendered per- 
manent, and now the poles are reversed when the bar is 
reversed. The toraion canaed by the blows of the hammer 
appears to communicate to the bar a coercitive force. Vfa 
may understand from this how tjie tools ia wortehops are 
generally magnetic. Whenever large masses of iron are 
stationary for any lei^th of time, they are sure to give 
Bvidenoe of magnetisation, and it is to the inductive action of 
the earth'a poles acting through agea that the magnetism of 
the loadstone is to be attributed. 

10. Saiuroiion Puiiit.— Magnets, when freshly magnotjaed, 
have sometimes more magnetism than they can retain per- 
manently. In that caae, they gradually fall off in atrength, 
tin they reach a point at which their strength remains con- 
stant. This ia called the point of Baturation. If a magnet has 
tkoC been raised to this point, it will lose nothing after mag- 
netisation. We may ascertain whether a magnet is at satura- 
tion by magnetiaing it with a more powerful magnet, and 
seeing whether it retaina more ma^etism than before. The 
Batnration point depends on the coercitive force, or temper, of 
the magnet, and not on the power of the magnet with which 
it ia rubbed. When a m^;net ia above saturation, it ia noon 
ledttced to it by repeatedly drawing away the armature from 
^^^M&iter reaching this point, magnets v,'Ql ke^^ ^Nie buua 
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strength for yean together if not subjected to loa^ 
usage. 

11. TwDtr of MagneUu—The power of a horseshoe magnet 
is usually tested bj the weight its armature can bear without 
breaking away from the magnet Hacker gives the following 
formula for tlus weight: TF=€L^m^; W is the charge 
expressed in poimds ; a, a constant to be ascertained for a 
particular quality of steel ; and m is the weight in pounds of 
the magnet He found, in the magnets that he constructed, 
a to be 12*6. According to this value, a magnet weighing 2 oz. 
sustains a weight of 3 lbs. 2 oz., or twenty-five times its own 
weight ; whereas a magnet of 100 lbs. sustains only 271 lbs., 
or rather less than three times its own weight Small magnets, 
therefore, are stronger for their size than large ones. The 
reason of this may be thus explained : Two magnets of the 
same size and power, acting separately, support twice the 
weight that one of them does ; but if the two be joined, so as 
to form one magnet, they do not sustain the double, for the 
two magnets being in close proximity, act inductively on 
each other, and so lessen the conjoint power. Similarly, 
several magnets made up into a battery have not a force pro- 
portionate to their number. Large magnets in the same way 
may be considered as made up of several laminse, interfering 
mutually with each other, and rendering the action of the 
whole very much less than the sum of the powers of each. 
The best method of ascertaining the strength of bar-magnets 
is to cause a magnetic needle to oscillate at a given distance 
from one of their poles, the axis of the needle and the pole 
of the magnet being in the magnetic meridian. These oscil- 
lations observe the law of pendulum motion, so that the force 
tending to bring the needle to rest is proportionate to the 
square of the number of oscillations in a stated time. 

12. Action of Magnets on each other, — Coulomb discovered, 
by the oscillation of the magnetic needle in the presence of 
magnets in the way just described, that when magnets are so 
placed that tivo adjoining poles may act on each other without 
the interference of the opposite poles j that is, when the magnets 
are large compared with the distance between their centres, 
'Wr aXtractive or repulsive force varies inversely as (he square of 
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the dittance. Tlie roanner in which he pTOved this ■will be 
best understood by taking a case. The Buspended needle 
Hi (fig. 13), when disturbed from its position of rest, niakea 
ten oaeillatiooa a minute under the force of the earth's mag- 
netism. When the pole S of the magnet 
^B '^ NS, which ia so long that the pole N 

^^^H ' is beyond the sphere of action, is placed 

^^H at a distance of two inchea iioni n, the 

^^^ number of oBcillations in the minute ia 

^^ 36. When at four inches, 20. In the 

last two caaes the oacillotions are made 
P under the combined force of the m^- 

L I netism of the earth and of the magnet 

B|^_ I This combined effect at two inchea 

^^H ^ ^ ' 'J stands to the terrestrial magnetism as 

^^* Kg. W. aa'is tolO^, andatfourinchesaaSff' to 

10'. Now, the difference between 3G' 
and 10', divided bj the difference between 20^ and 10', gives 
the relative powers of the magnet on the needle at two 
and at four inches. But 36' — 10^, or 1196, is very nearly 
fonr times 2ff*— 10^, or 300, so that the magnet is only 
one-fourth as powerful at four inches as it is at two. The 
attractive powers are thus aa 1" to 2' — L e., inversely as the 
squares of the distances. If the poles had been like, the 
same woidd hold of the repulsive power. The law of the 
oeCton of magneti on soft iron by induction was ascertained by 
Sir WiUiani Snow Harris in 1837. It is aa follows : The 
nagnetie development in the soft iron it directly proportional 
to thepovKT of the inductive force, and inversely as the distance. 
In the measurement of magnetic forces, repulsion is mea- 
sured when practicable In preference to attraction ; because 
■tbaction may be wholly or partially due to induction, 
iriwreas, repulsion can only ariue from the original forces in 
Mch. 

13. Effect of Seat on Ma^etism. — A magnet loses in power 
H it rises in temperature, and as it cools again it acquires 
■fjais a portion of its lost strength. When it is raised to the 
nme temperature several times, or when it is kept a sufficient 
length of time at it, it reaches a condition ia w^adi^lt HftSSfiia 
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no further permflnent loss bj being i^aiii heated np to tb 
Bame temperature . The more Btrongly the bar is magnetjieil, 
the less is it atfacted by temperature. The change of btan- 
aity produced by ordinary temperatures is little, if anything. 
At a white heat, a magnet loses permanently all trace of 
magnetism. When, however, it ia again tempered and mag- 
netised, it resumes its magnetic properties. Barlow found 
that soft iron steel and cast iron, when temporarily magnetio 
— that is, when under iudaction — have a greater magnetio 
capacity as their temperature rises until they reached a blood- 
red heat Beyond this, they become less ansceptible to the 
influence of the magnet, and at a white beat they are quite 
indifferent to it. The temperatures at which other eubstanoes 
atfected by the magnet become indifferent to it, ie different 
from that of iron. Cobalt is attracted by the magnet at the 
highest temperatures, and nickel loaea this property at 663° F. 
14. Thcoriei of Magn^timi, — The best known theory of 
magnetism ia that of the two lluidg. It is thought that the 
power of the magnet arises from two m^netic fluids ensting 
in it These fluids are considered to be attractiTe of the 
matter of the magnet and of each other, but repulaii 
themselves. By magnetisation, the fluids which, when th^ 
exist together, exhibit no magnetic properties are made to 
eeparate At first, it was thought that in a nu^nct each fluid 
became insulated on its own half of the mi^et, bat this 
hjpotheaifl was found to be untenable from the fact that 
when a magnet was broken in the middle, each fragment had 
both kinda of magnetism, like the original magnet. To meet 
this inconsistency, it waa next supposed that each partide of 
the magnet was itself a magnet like the whole, and that break 
it where you may, you have in the pieces the same consti- 
tution as in the whole. Magnetisation was considered only 
to separate the fluids in each particle. A more recent theoiy 
suggests, that all substances capable of becoming magnetic 
consist of particles, each of which ia a permanent magnet ; 
that these iniinitesimat magnets have their poles turned in 
all diSeient directions, so aa te neutralise each other when 
the whole is not magnetic ; that magnetisation has the effect 
of bringing the poles of these particles round so as to lie in 
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th.e same direction ; that this coiccidence of polea in the case 
of soft iron takes place only when the iron ia under indaotion j 
that in the case of steel it takes place permaiiently ; and that 
the degree of magnetisation ia due to the completeness of the 
coincidence. This lost way of conceiving of the composition 
of a magnet is both simple and satisfactory. The fluid theory 
of magnetism simply desciihea its phenomena under the 
figure of two fluida. Ampere's theory of the electric conati- 
lution of u iiioguet, whii:h shall be aftenraida described, 
introduces an entirely novel view of it. 



Terrestrial Magnetism. 

15. 77ie Directive Action of Terrestrial Magnetitnu — Ths 
action of the magnet is so allied with the magnetism of the 
earth, that we cannot atndy the one apart from the other. The 
action of the earth on a magnet is simply directive; that is, it 
determines the position of the magnet relatively to the cardinal 
points of the horizon, but effects no strain or tendency to trans- 
lation on the point on which the mi^net is balanced. Tbia is 
usually shewn by making the centre of a magnetic needle rest 
on a piece of cork floating on water. The needle when so 
■ustained comes round to a north and south poaition, but the 
float lemainB at the same point on the surface of the liquid. 
The reaaon of this nay be given thus : the magnetic poles of 
the earth are so far distant from the magnet, that, practioally, 
the north and south poles of the magnet are at equal distances 
from them. Accordingly, whatever attraction, aay the north 
pole of the earth has to the north pole of the magnet, it 
eierts an equal repuMon on the south pole of the magnet. 
The two effects counteract each other. The same holds for the 
action of the aonth terrestrial pole. The combined effect of 
llie two terrestrial poles, in attracting or repelling the magnet 
as a whole, is thus null, and ia limited to iixing the direction 
of the needle when at rest. 
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We aie bo accustoined to see the directive power of tbe 
earth's magnetiBm exhibited in the compass^ that we aie 
inclined to think that it is only exerted on a needle moriiig 
in a horizontal plane. Such, however, is not the case. 
When a needle is so supported that it can move freely 
in a "^^erdcal plane, it does not remain horizontal, but 
inclines towards the groond. It is impossible so to snppoit a 
magnetic needle that it is at the same time free to move in a 
horizontal and in a vertical plane. The power of the eaith in 
determining the position of the needle in a vertical and in a 
horizontal plane, must be exhibited by two separate needleB. 
If it were possible to hang a needle in the air, so as to leave it 
perfectly free to take up any position, it would shew us folly 
the directive action of the eartL Such a needle would not 
only point north and south, but when so pointing would, at 
most places on the earth's surface, make a certain angle with 
the horizon. The position taken up by such a needle woiild 
shew the direction in which the earth's magnetism acts, and if 
we knew, in addition to this position, the force that kept it in 
that position, we should know the direction and amount of the 
earth's magnetic force for the place of observation. In con- 
sequence of our inability to suspend a needle so as to give it a 
perfectly free universalmotion, the direction must be ascertained 
by two separate observations, viz., the position of rest of a needle 
moving in a horizontal plane, and that of one moving in a 
vertical plane. The former of these is termed the declina- 
tion, and the latter the inclination of the needle. A com- 
plete knowledge of the eariKe magnetism at any place therefore 
implies that three things are hnovm — declincUion, indifnationf 
and intensity. These are termed the magnetic elements (Get, 
Constanten) of the place. 

16. Defmition of the Magnetic Elements. — DecUnation,—' 
When a magnetic needle is suspended or made to rest 
on a point so as to be free to move in a horizontal plane, 
it finds its position of rest in a line joining two fixed points 
on the horizon; and when made to leave that position, 
after several oscillations, it returns to it again. At certain 
places on the earth's surface, these two points are the north 
and south points of the horizon ; but generally, though near. 
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oincide with, theae. A verticjJ plane paRsIiig 
through the points on tie horizon indioated 
h; the needle, ia called the magntiie meridum, 
in the same way that a eimilar plane, passing 
through, the north and BOtith points, ia known 
as the astronomical meridian of the place. 
The angle between the magnetic and astro- 
nomical meridians ia tenned the declination or 
variatioii of the needle. Thus, if NS (fig. 14) 
he the line of the astronomical meridian, and 
n» the line joining the poles of the needle, the 
angle NCn. is the declination. The declina- 
t, according as the magnetic north lies east or 

Dip or Inclination. — If a magnetic needle be supported so 
as to be free to move verticallj, it does not at most places on 
the earth's surface rest in a hori- 
zontal position, but inclines more 
or less from it If the vertical 
plane in which the needle moves 
is the magnetic meridian of the 
place, the angle between the needle 
and the horizontal line ia called 
the dip or inclination of the 
needle. Thus, if the needle 
(fig. 15), NS, be supported at its 
j.|„^ j5 centre, C, so as to be free to move 

vertically, the plane of the paper 
being supposed to be that of the magnetic meridian, the 
angle NOa is the dip. 

Intennly. — The amonnt of force which brings a magnetic 

needlf^ of onit size and strength, capable of universal motion 

round ila centre of gravity, when driven from the position, in 

which it reata under the influence of terrestrial magnetisni, 

I Utck to that position again, constitutes magnetic intensity. 

I ITiB needle may be looked upon as a magnetic pendulum, with 

I m^aetism, instead of gravity, aa the force acting on it. 

■ 1 . 17. BtsoliUvm of Total Magnetic Fores.— Let NS (fi^. l&\ te 

■■Hedle adjusted on the point p, so as to move vn a,^QmOTL\;^ 

K 
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plane. It is represented as lying in the magnetic meridisD. 
It is supposed to be in a northern latitude, so that the noith 
pole of the magnet is attracted, and the south pole repelled, by 
an equal force. The total magnetic force of the earth, repre- 
sented by the lines NC and Sc, in magnitude and directioB, 
tends, when acting on N, to draw it down, when on S, to send 
it up, with an equal force. The two equal and opposite 




Fig. 16. 



parallel forces, NC and Sc, form with the needle a couple 
tending to make it rotate in the direction of the hands of a 
watch. To keep the needle in a horizontal position, the south 
end of it is made slightly heavier than the north end. 
The total forces, NC and Sc, may be resolved each into 
two others acting vertically and horizontally; that is, 
perpendicular to, and in the plane of, the needle's motion. 
The construction is exactly alike, so far as magnitude is 
concerned, at N and S, but it is opposite in direction. The 
vertical resolved parts of the earth's magnetism, which are 
alone concerned in determining the position of a needle 
moving in a vertical plane, are NB and S6. These being 
counteracted by gravity, have no effect on the needle. NA 
and Sa are the horizontal resolved parts, and they alone 
are concerned in the motion of a needle free to move in a 
horizontal plane. NA and Sa, being equal and opposite, 
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coTiuteract each other. Suppose, now, the needle moved from 
its position of rest to that shewn by the dotted needle, N'S'. 
The earth's magnetism must act on N' and S' as it did on N 
and S, and consequently a similar resolution may be made. 
This resolution takes place in planes parallel to tiie former, 
and perpendicular to the circle or plane in which the needle 
moves. The vertical resolved parts, N'B' and S'^, are counter- 
acted as before by the supporting point, but the horizontal 
resolved parts, N'A' and S'a', form a couple, bringing the 
needle back to its first position. They act, however, obliquely 
on the needle, and to ascertain their effective force we must 
again resolve them as done in fig. 17. The resolution takes 
place in this case in the plane of the needle. The parts N'F 
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Fig. 17. 

and Sy, being equal and opposite, counteract each other, and 
the two effective parts, N'E and S'^, alone make the needle 
rotate. Let NC = T, the total intensity ; NB = I, the vertical 
intensity ; NA = H, the horizontal intensity ; angle ANC = i, 
the angle of dip ; then I = T sin. t, H = T cos. % I = Htan.t. 

18. InSTRXTMENTS for ASGERTAININa MAGNETIC ELEMENTS. 

— Declinometer, — ^Instruments for determining magnetic de- 
clination are called declination needles or declinometers. In 
these instruments there are two things essential — ^the means 
of ascertaining the astronomical meridian, and a needle for 
shewing the magnetic meridian. Fig. 18 represents a common 
form of the declinometer. Upon a tripod provided ''w^^dl 
levelling screws stands the pillar P, to whida. \ft ^<^^ >0!DLa 
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lass-box B, with the 
mmulhal circle by 
means gf a. pivot at the 
pillftr P. Two upriglite, 
U, U, are fised to the 
side of the wropaBa-Boi, 
on the tops of which 
rusts the ana of the 
telescope^ T. A gradu- 
ated arc, A, is fixed to 
'I/p, the bottom of one of the 
uprights, and the sn^e 
of elevation of the tde- 
Bcope is marked by the 
vernier on the ann B, 
attached to the axis of 
the telescope. A leveJ, 
L, is also hung on the 
axis of the telescope, for 
Fig ig adjuBling the instrument 

Inside the compass-box 
is another graduated circle, F, the line joining the zero- 
points of which ia parallel to the axis of the telescope. 
All the fltljugs are in brass or copper, iron, of conrse, 
being unstiitahle. It will be eiteily seen that the compass- 
box and telescope move round as one piece on an axis 
passing through the centre of the azimuthal circle. When 
an observation is made, the telescope is pointed to a star 
whose position with regard to the astronomical meridian 
is known at the time of observation. The telescope with 
the compasa-hoK is then brought the proper number of 
degrees on the azimuthal circle, until its axis is in the 
meridian of the place. If, when the telescope is m this 
position, the north end of the needle stand at the zero-point 
of the inner circle, the declination would he 0° ; but if it lie 
east or west of this point, the declination is shewn bj the 
degree at which the needle stands. It is difficult to construct 
a needle so that the line joining ita poles exactly coincides 
with Ihe liiie joining its visible extremities. If this 
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Fig. 19. 



coincidence be not perfect, the geometrical axis of the needle 
according to which the reading is 
made lies to the right or left of the 
magnetic axis, and - consequently of 
the true reading. To remedy this, 
the needle is so made that it can rest 
either on its lower or upper surface. 
In. finding the true reading, the posi- 
tion of the needle is marked, and 
then it is turned upside down, and 
again marked, the mean of the two 
readings giving the true one. This 
is easily seen in fig. 19. The declination of the needle may be 
also ascertained by the dipping needle. 

Gausi^s Magnetometer, — ^A declinometer like the one just 
described, cali only give the declination approximately. To 
be quite exact, the needle would require to be very long, so as 
to allow the divisions of the circle on which it moves to shew 
very small angles. This, however, would be attended with the 
objection that a very long needle moves with considerable 
friction on its axis, so that what we should gain in the number 
of divisions on the circle we should lose in the sensibility of 
the needle. . Gauss's magnetometer obviates this objection. 
Fig. 20 gives a general idea of the action of the instrument 




Fig. 20. 



NS is a magnetic bar, suspended by a wire or a few untwisted 
filaments of cocoon silk sufficient to sustain its weight, which is 
a few pounds. It is enclosed in a glass case, not shewn, in the 
figure, to shield it fiom currents of air. On the rod at the 
centre of the bar by which it is suspended a amoXi TKmxQ\ "^ 
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in fixed, tlio plajie of which is at right angles to tlie line joining 
the poles of the hur. A few yaida from the bar, a theodoliu, { 
T, and a scale, S, about a. jaiA long, are placed, the one a little I 
above, the other below the mirror, so that lie diviaiona of the i 
scale may be aeen reflected at the cross-wirea of the theodolite. 
A small pliuuinct liangs down from the object-glaes of the 
theodolite, the thread of whicli atonda in froat of the zi 
middle point of the scale. When the thread of the plummet I 
is seen reflected, the axis of the theodolite is accurately ii 
Tiiagnetic meridian. When a magnetic bar is hung in 
way it never stands still, but is cooatantlj making amall 
oscillations, ebuwing that the magnetic meridian i 
moving to and fro, and is no fixed plane lite the astronomical I 
meridian. It is not so much, then, when the reflection of the 
thread is seen at the cross-wires as when the needle oecillates 
to eqiml distances on each side of it, tliat the axis of the 
theodolite is in the mean magnetic meridian. This being 
ascertained, the theodolite has only to be turned to some 
object known to be in the astronomical meridian, and the 
difference of the readings gives the declination. The scale is 
placed at light angles to the ma^etic meridian. We shall 
afterwaids find that the needle makes various small deviations 
from ita mean poaitiou in the course of the day. These the 
magnetometer, from its extreme delicacy, is well fitted ti} 
recoid. Suppose, for instance, that the needle appears to 
oscillate, not round the zero point, but round a point F, say 
an inch from it. Now, as we know the distance of the scale 
from the mirror, say it be in this case 15 feet, ' 
easily tell what the angle PMO is — viz, 19' 6" (tan. " 
PMO = ^Yi ~ Ton ) '^™"' ^^^ trigonometrical tables ; ot by 
taking 1 inch as the arc of a circle whose radius is 15 feet, 
and whose circumference of 360° is 3-1416 times 30 feet, it 
can bo shewn by an. easy geometrical construction that the 
apparent angle is twice the angle that the mirror or the 
m^net describes, so that the real deflection of the needle in 
use is 9' 32". The observation is here taken as correctly 
a needle 30 feet in length had moved through an auglf 
', oi described on arc of halT on inch on a 30-fuot circlt 
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Expert observers can road on angle of 2" hy llie m 

also be eaeOy nnderstood bow, if a, lamp b« placeil 
wliere the theodolite is, and be made to tranamit a ray of 
light to tba mirror, that thia ray would be reftecled on the 
scale, and that if instead of the scale a piece of seniitieed 
pUotograpbic paper were placed, and moved upwards or down- 
wards at a given rate, tbe needle would penoanentiy record 
its own motions. A self-recording eystetn on thia principle, 
invpnted by Jlr Brooke, is adopted in almost all obaervatorien. 
The Mariner's Cotnpati (Fr. bounole, Qer. BusaoU) is also a 
dedinometet, foi it must be always nsed with reference to the 
true north of the region where it acts, 
nicely poiaed on a point, 
with a cross - bar of _, "^ ' 

copper or brass at its 







middle. The needle and 

bar support a card 

above, which is marked 

with 32 points, each '^'-V// 

containing 11° 

Tliese are shewn i 

anneied figure (fig. 21). ■^'^^ 

The north and sonth 

pointa of this card lie 

directly over the needle, 

so that the card, and 

not the needle, indicates 

tliese cardinal points to 

the observer. The whole is enclosed in a brass or copper bowL 

This is placed within a ring, which moves by two pivots in 

another ring, itself supported by two pivots at right angles to 

the other two. These two rings arc called the gimhale. The 

compaes-boi and card thus supported remain always horizontal, 

whatever be the motion of the vessel in which it is placed. 

Inside the compass-box a vertical black lino is marled, called 

the lubber-line, which is in the ails of tlie ship oi 

of the ship's motion. The point of the card that 

hibber-line shews how the ship is going. 

le great difficulty connected with the use o^ Uia n 
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compaM aruea from the disturbing influence of the 
of the ship, TliiB difQcultj ia particularly felt in ii 
when the deviation of the needle ia frequently ai 
able SB to rander the compasa almoat naelea*. Yoriooa 
of obviating this have been auji^eated ; one of these ia to place 
bora of Boft iron or niagnets in the immediate neighbourhood 
of the binnacle, which buing eo phtced aa to cause a contratj 
diatutbance to that of the iron of the ship, leave the needle 
comparatively free. Thia ia found to answer well in iro» 
ships plying between British and continental or North Ame- 
rican ports ; hut where, na in the Australian paaaage, they 
change considerably their latitude, such an arrangement is 
found to he worse than useless, as the magnetism of the 
vessel changing with the latitude causes an ever-varying 
deviation of the needle. It has likewise been au^ested to 
place a compass aa a standard at the maat-head, where it 
woidd be comparatively free from the attraction of the vessel, 
by which the ship'a course might be shaped, the ordinaiy 
compass being used merely to give immediate direction to the 
steersman. In the royal navy thia error is to a lai^ extent 
obviated in the following way. A compass is placed so high 
above the deck aa to clear the bulwarks, and allow the 
bearinga of a distant object on shore or a heavenly body to 
be taken wliile the ship's head mates a complete circuit. In 
this way, the deviation cansed by the iron of the ship in all 
different poaitioua may be ascertained, and afterwards taken 
into account. 

Dipping Needle. — The dip of the magnetic needle at any 
place can be ascertained with great exactness by meane of 
the dipping needle, flg, 22. It consists of a graduated circle, 
AA, fixed vertically in the frame FF, and moving with it 
and the vernier T, on the horizontal graduated circle HH. 
This last is supported by a tripod furnished with levelling 
screws. At the centre of the circle 0, there are two knife- 
edges of agate, supported by the frame, and parallel to the 
plane of the circle. The needle, N3, rests on these knife- 
edges by means of two fine polished cylinders of steel, which 
are placed accurately at the centre of the needle, and project 
BH right angles from it: so adjui^ted, the needle moves with 
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) made, moreover, that beforu 
indifferently in any position ; 
:, the dip which it shews is 



little or no ftiction. It is 
being magnetised it temaii 
after magnetiEatian, therefc 
wholly due to the mag- 
itetio influence of the 
earth. It will be seen 
from fig. 16, that when a 
needle is caiiftble of ver- 
tical motion, the earth's 
magnetism will swing the 
needle round until it is 
as nearly as possible in 
ft line with it When the 
needle is m the magnetic 
meridian, thia can he 
done fully, for the needle 
can be nuide to coincide 
with it in direction. The ^ 
conple CNSe is m that 
case a stmight hne 
When the needle moves 

to the meridian, then the 

vertical component alone affects its position, and place? it 
vertical m a line with itselE In this case BNS6 is a 
straight line. Between these two pouitions the needle shifts 
from the vertical position to that of the direction of the dip, 
and is alnaya more inclined to the honzou than in the 
meridian. We have thus two ways of finding the meridian. 
When the needle stands upright at 90°, it if at right anglea 
to the meridian ; and by moving the vernier over 90", we 
can place it in the meridian. Again, that plane in which 
the inclination of the needle is least is the plane of the 
meridian. The degree pointed to on the circle when in tie 
magnetic meridian is the angle of dip. The dip may also 
be got with even more accuracy by observing the effect pro- 
duced by bars of soft iron placed vertically in the neighbour- 
hood of a declinarion needle on the needle ; but the process 
ifi somewhat detailed, and beyond the scope d! \.\i\a\)00^ 




Intentitj/ NeediUt. — The total mtendty of the earth's m^ 
netism ia got by firrt aBcert&iniDg eipcrimentally ita horuon- 
Ul intensity. The total intensity is got by dividing the 
linrizontal inlenBity by the cosine of the angle of dip 
(17). The horizontal int«nBity is raeasured by the nnmber 
of oscillations that a needle makes when disturbed in a given 
time. Thus, if at one paint on the earth's surface the samfl 
needle makes twenty oscillations per minute, and at another 
twenty-one, the relative horizontal inteoEities at the two 
places would be as 20' to 21", as 400 to 441. If the horizon- 
tal intensity of any point on the earth's aurface be taken 
as unity, other intensities may be expressed in terms of 
it. The method of ascertaining intengit)' just described is 
open to objection, as it ia difficult to know whether the 
magnetic condition of the needle remains unaltered during 
the course of the observations at different stations. GaQ«s 
avoided this error by reducing the intensity to an abso- 
lute, not a rehitive standard. This he did by taking into 
account not only the o.'tcillBtions of the needle under obaer- 
vation, but also its deflecting power on another needle at a 
stated distance. The data thus obtained gave him suffident 
to divest the magnet of its peculiarity, and enablei^ him to 
express the intensity in absolute uiiits. Thus, the horisontBl 
intensity of London (January 1865) is 1764 metrical nnits, 
which signifies that a south pole weighing one gramme, and 
of an ideal, but definite unit magnetic force, would, supposing 
it were insulated and free to move in a horizontal plane^ 
acquire a velocity southward of 1*764 metres per second. 
In British units expressed in feet with the mass of a grain 
instead of a gramme, the same is 3'826. 

Gaui^i BifiloT MagnetoTneter is used for indicating local 
changes of terrestrial magnetism. It consists essentially of 
a magnetic bar hung by two threads, as roughly shewn in 
fig. 23. So long as the plane of the bar and of tiie two threads 
coincide with the magnetic meridian, there is no strain on 
the threads ; but if the points of suspension be turned round, 
then the bar will take up an intermediate position determined 
by the intensity of the earth's magnetism striving to put the 
n the meridian, and by the spiral torsion of the threads 
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striving to bring the bar into a line with the points (>f 
suspension. The instrument is capable of anr ankoniit of 

delicacy, according as the threads , . 

are lengthened or brought near T i 

each other. For observation, the 
threads are so twisted as to put 
the bar perpendicular to the 
magnetic meridian. In this posi- 
tion, the small changes of de- j k. J 4 
clination that take place in the n ! 
course of the day may be Fir. «. *^ 
neglected. The force necessary 

to twist the bar through any angle is got by experiment, and 
is used in interpreting the indications of the instrument. A 
mirror is attached to the bar, and observations taken as with 
the magnetometer. 

19. Magrietic Charts, — The magnetic elements have been 
ascertained with great care at different portions of the 
earth's surface. The knowledge thus obtained has been 
embodied in magnetic charts, in which the points at which 
the declination is the same are j(»ned by lines, and Bimi- 
larly those where the dip and intensity are alike. The 
lines of equal declination are called isogonic lines ; those of 
equal dip, isodinic ; and those of equal intensity, isodynamic 
lines. As the magnetism of the earth is subject to a slow 
secular variation, such charts are only true for the time of 
observation. The chart, fig. 24, was drawn up by Colonel 
Sabine for the year 1840, and gives an approximate view of 
the lines of equal declination for that year. The change since 
1840 has been small, so that an isogonic chart for the pre- 
sent time would differ but slightly firom it. The chart 
sufficiently explains itself. Attention may, however, be given 
to one or two points. The declination is marked on each 
line. Thus the line passing through England, for instance, is 
marked 25°, and that passing north-west of the British Islands 
30°. At places under those lines, the needle points to a north 
25° and 30** west of the true north. On the space intervening 
between these lines, including Scotland and Ireland, a correc- 
tion, varying from 0® to 5°, must be made aiccoT&i% ^ ^^ 



TEHREBTRIAL MAGSETISM. 29 

jre towanis the one line than the other. The 

erlf line of no declination passing nortJiwarU cuta off the 

r of South America, proceeda to North America, 

■ it enters at North Carolina, traversea the oootiiieat by 

■ Erie and Huron and the west of Hudson's hay, and. 
n the north of the continent at Boothia. The easterly 

s> declination passing southward enters Europe in the 
I of BuBflia, croBseB the White Sea, the east of Eusaia, of 
jHtpiau Sea, of Persia, and the Ambian Sea. Then turns 
1, and cutting off the west of Anstralia, passes south- 
f The space included between those two lines, and which 
k chart is left untinted, constitut^a, so to apeak, the hemi- 
t of westerly declination. It includes the east of the 
iDericos, the Atlantic Ocean, the whole of Europe and 
1^ and the west of Asia and Auattulia. The rest of the 
u which in the chart is tinted, has an easterly declina- 
There is an elliptic space in Eastern Asia which ia left 
l^hite, having a westerly variation, and forms an exceptional 
a the eastern magnetic hemisphere. 
It will be seen that the lines converge in the north of 
IKorth America, and in the south of Australia. So far aa eiperi- 
I Mice goes, and bo far as the most matter of fact theory (Gauss's) 
I teaches, the convergence in both cases ia to a point. The 
I point in North America is the ntyrlh tnagnetic paU, and 
that south of Australia is the louOt magnetic pole. At the^e 
pointe, then, all isogonic linea converge, and a compass needle 
lie« indifferently in any position. 

According to the same theory, if the isogonic lines 
were traced on a globe, inateiid of, as here, on a map in 
Mercator's projection, they would form irregular circles 
on the northern and southern hemispheres. Each circle 
in tte north would contwn in its circumference the north 
mognetie and geographical poles, the portion of the circle 
on the one side of the poles being in the hemiaphere of 
westerly declination, and the other in the easterly. The sum, 
oftheangleamarhedon the two portions would amount to 180°, 
Iha larger segment having the amaller angle. The same confor- 
mation of circles would be visible at the south pole. These two 
■da of circles proceeding from both poles, viovAi Hie^\. <ajii 
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^ other at tlie equatorial region^ and when they began to orerlap, 
ironld ran into each other, forming irr^ulai curves pcasiDg 
tbrougb the four poles. This conformation can be tnud 
more particularly on the white port of the chart. In. the 
North and South Atlantic, curves are aeen approaching each 
other, and proceeding from the region of the north and Boath 
pole& The last two circles that apptoacb without toaeMng 
are marked S0°. The circles marked 15° would overlap ; hut 
instead of doing so, thej run into each other, and form two 
continaooB curves, forming together somewhat like the out- 
line of a sand-glass. The same union, with a less contractioa 
in the middle, ia seen in the lines marked 10° and 5°. 

The taogonic lines, as Eeen from the chart, form a some' 
what complicated syatem. This arises from the fact, that wa 
refer the indications of the needle to the geographical pole^ 

» which are, ao &r as we know, arbitrary or extraneous M 
r^ards terrestrial magnetism. Duperrey, by drawing what bs 
calls magnetie meridians and parallels, draws a system 6f line! 
which have much the same conformation with regard to tha 
magnetic poles that the meridians and parallels of latitude 
have to the geographical poles. A magnetic meridian, accoid' 
ing to Duperrey, is the line that would be described hj i 
penon setting out, say from the south magnetic pole, an( 
travelling always in the direction of the magnetic north till hff 
reached the north magnetic pole. Tlie mimetic parallels ara 
linea drawn at right angles to the magnetic meridians. 

I In fig, 25, the isoclinic lines, by the same author and fot 

^^1 the same epoch, are given. In the upper part of the chai^ 

^^^B which is left white, the north end of the needle dips ; and 

^^B in the lower part, which is tinted, the south end of thw 

^^M needle dips. The amount of dip is marked on each linea' 

I Thus, the line passing through the centre of Jin gland i» 

marked 70°. A dipping needle, at any place cut by tha 

line, is inclined 70° to the horizon. The line 75° passe* 

to the north of the British Isles. In Ireland and Scotland,: 

tberefore, the dipping needle baa an inclination greater 

than 70°, and less than 76°. The line marked 0' is the linft 

of no dip ; at any station on it the dipping needle is hori- 

iontal Tliia line ia called the magnelic equator. It wiU be 
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seen that it is not coincident with the geogmpltical^ 
it ie not even a great circle of the earth, but is an fi _ 
curve cutting the equator in two points, one near the west 
coBEt of Afrii^a, and the other in the middle of the Pacific 
Oceon, The points on the earth's surface where the dipping 
needle standfi vertical, and where, in consequence, as hefore- 
nientioned, the compass needle lies in any direction, are called 
the magnetic poles. The north magnetic pole was found a 
Boothia FeUi hy Captain Rosa at 70* 6' N. lat and S63° W 
E. long. Accoitiing to Qaues's calculation, it should have 
been at the time (1831) some 3° north of this point. From 
observations made at Hobart Town, the nearest station to it, 
the south magnetic pole should lie 66° S. lat. and US' £. 
long. These points are not diametricallj opposite each other 
as the geogtapbical poles. If the lines of equal dip were 
drawn on a globe, they would form round the magnetio poles 
a system of irregular circles, somewhat resembling that of the 
parallels of latitude round the poles of the earth. 

We do not add an isodyoamical chart as it would engrois 
too much space Colonel Sabine's Dynamical Chart, along with 
the isogonic and isoclinic charts, will be found fully engraved 
and explained in Johnston's Physical AtUu (new edition). 
From this chart we learn that the magnetic intensity is least 
in the vicinity of the magnetic equator, and increases as wa 
approach the magnetic poles. The lines of equal intensity, 
though running much in the same direction as the lines of 
equal dip, are neither coincident nor parallel with them. 
The line of least intensity, itself not an iaodyuamic line, 
runs nearly parallel to the magnetic equator, bat lies, except 
in the western lialf of tiie Pacific, a few degrees to the south 
of it We thna learn that the changes in direction and i 
intensity do not march together. We should fancy that at 
that point or points on the earth's surface where the dipping 
needle stood erect, we should be nearest to the centre of free ' 
magnetic energy, and that there the force would be greatest j I 
but this is not the case. The poitit in North America 
where the intensity is greatest, is situated to the west of i 
Hudson's Iky, some 18° south of the north magnetic pole. 
Jlut this Is not the only point of maximum force in the north 
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magnetic hemiEphere. There is anolhci, which was found 
by Hcutsteeii in 1828, in Nortliem Siberia, about the longitude 
1B0°. This maximum point is neaket thau the Ameriuin, 
in the proportion of 100 to 107 (Sa,bine). According to 
Gauss, there can only be one inarimmn point in the 
sonthem hemlspheTe, which is stronger than either of the 
other two. It lies north-east of the south niagnetio pole, 
and ite intensity is 137 (Gauss) compared with 107, that 
of the principal northern centre. At none of those points 
does the dipping-needle stand erect. This want of coinci- 
dence of the points of vertical dip and of maximum 
intensity has led to eome confusion in the use of the 
term magnetic pole ; some writers meaning by it a point 
of vertical dip, and others a point of nmiimum inteniiity. 
In adopting the former definition, we are only adhering 
to the popular meaning of the word, and to the opinion of 
Gauss, perhaps the greatest authority on the subject. Some 
of the best English authorities, however, attach to it the 
latter meaning. 

Although the total intensity increases as we go north- 
ward or southward from the line of least intensity, the 
homontal intensity diminishes. This arises from the fact 
(hat the horizontal intensity depends on the dip ; the 
greater the dip the leas the horizontal intensity (17). Hence, 
the compass-needle, which is affected alone by the horizontal 
intensity, oscillates more sluggishly as we leave the line of 
least intensity. A dipping-needle, for instance, oscillates 
faster at London than at Calcutta, because the total intensity 
which affects it is greater at London than at Calcutta, but 
with a compass-needle it is the reverse, Trom the horizontal 
intensity being greater at the latter than at the former 

20. Variations of llw. Needle. — The magnetic elements do 
not remain constant in the same place, but are subject to 
continual though small variations. These are regular and 
irrqpJar. Under regular variations are included lec^dar, 
aimval, and diantal variations. The secular variations 
take centuries for their completion. The following list 
of the declination and dip at London, ia iifititvA 'jftasa 
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From tliese obsen-ationa it will be 


seen that i 


n 15TB, when 



the easiest reliable meosurenieat of the declination was made, 
it waa 11° 15' easterly. This dive^ence from tlie true north 
dhniniehed till 1657 — 1062, when it pointed to the trae 
north. It then varied westward till 1816, when it Btooil 
furthest from the true north. Since then the needle has been 
veering eastward, and coniiog nearer to the north. At present, 
the annual decrease of declination at Kew is 8'. At Has 
rate it would take rather more than eighty-four yeare bafoTB 
the compaaa-ncedle shifta through a whole point. From the 
observations of the dip, we find that it haa been grodualiy 
decreasing for the last one hundred and fifty years. The 
annnal decrease of dip is at present about 2''6. From the time 
observations have been taken of the declination and dip nntil 
now, we are far from having completed a cycle of change in 
either, and it is as mere matter of speculation how long that 
may take. The magnetic history of London does not apply to 
other pIoccH ; each place, bo IJu: as has been ascertained, having 
B. magnetic history of its own. Thus, in Pima, the time of 
no declination waa 1669 ; and of maitimum declination, 1814 ; 
the latter amounting to 22° 34' weat. Every place, according 
to Barlow, appears to have its own magnetic pole and equator. 
Hagnetic intensity has been observed for m short a time, 
that little as yet ia known of its secular variation. The total 
magnetic intensity at Eew, 1st January 1S65, waa 10*28 British 
magnetic units, or 4'6a metrical units. At present, the hori- 
Koutol intensity is increasing in Europe, but that may arise 
partly from decrease of dip. 
The magnetic elements are also subject to changes, which 
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bave a jearlyaad a daily {wiiod. In describing these shortlj-, 
we Bholl limit ourselrea to the duingeB affecting declination, 
ae these are of most general intfflest The following are the 
chief particulaia. of the anmuil vaHatitm of declination g^veu 
by Caasini : From April to July, or fcom the vecnal eijuinox 
to the anntmer -solstice, the western declination decreases. 
From the flummer solstice to the vernal equinox, that is, 
during the other nine months of -the year, the declination 
increases, the needle turning to the west, its position in May 
and in October is nearly the same; so that in the winter 
months, from October ,to April, the westerly motion aa slow. 
The range of the B.iiniiH.1 ysriation at £ew is 53''8Q. 

The me&a diuxwU variatiim for Eew is shewn in £g. 26 
(kindly furnished by Mr O. M. Whipple of the Observatory). 
This irregular line indicates .the course of the north end of 
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the needle. A rise of this line indicates a change of the 
aor& end to the east, a &11 a cliange to the west. The 
interral between two horizontal lines corresponds to a defleC' 
tioQ of the needle 1' to the east, and a fall 1' to the west. 
The line marked o is the magnetic meridian, or the mean 
daily pomtion of the needle. The interval between two 
Dpi^t lines corresponds to an hour. The course begins at 
twetva at night, and ends at twelve the following night, 
kt twelve at night, the magnet is Ij,' east ol \\wj tti^aa. 
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position, and conlinitPG ncarlir in tbe sajne poaitioo, iriih 
aolj a slight weal^rlj deviation, till fifteen hQuis (thna 
in tbe moming), when it veera eastward. At twenty hours 
(eight in the morning) it Teaches ita furthest east point, 
From eight in the morning till one in the afternoon, it inokes 
a Bweppof Iff towardfl the west, and then Bianda about ffto 
west of the mean. After one, it goes westward till midnight, 
when it again begina the Bams course. The needle atande ii 
ita mean position a little after ten in the morning, and a little 
before seven in the evening, The course here described i> 
the course for the year. But the diurnal range la different 
in different months. In May, for instance, the average range 
between the extreme points is 12', which is the maxim 
range for the year ; and in December, when it is a ininimain, 
it is only 6' 28". The diurnal changes here deacrihed fof 
Kew are much the same all over the north magnetic hemi- 
tphere. The amount, however, is different. Near the mag- 
netio equator the dinmal variation is little or nothing, and 
it increaseB as we go northward. Captain Duperrey states 
that at or near the magnetic equator, the north point of the 
needle in the morning shifts slightly east or west of tha 
mean, according as tha sun posaea south or north of tha 
station. In the southern magnetic hemisphere the dailf 
motions of the needle take place much in the same waj 
in the northern hemisphere, only the aouth pole takes the 
place of the north pole, and the direction of the deftections 
is reversed. The correspondence, and at tbe same time oppo- 
sition, of the southern hemisphere is also shewn from the time 
of maximum and minimum range. When the aun is in, 
northern signs of the zodiac, the range is a moidmnm in the 
northern, and a minimum in the Bmithem hemisphere ; and 
when the sun is in tbe southern signs, the reverse takes 
place. The diurnal rarialiou is bo sinall, that the ordinaiy 
compass-needle is not delicate enough to shew it. 

The i/rregulair variatioTis are those which break in upon the 
regular march of the diurnal variation without in the main 
altering it. Instead, for instance, of the needle steadily 
going westward from 6 a.m. to 1 P.M,, as shewn in fig. 26, 
t makes, when aiTected by irregular variation, deflections 
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eastward as well as westward, altliougli it in the main 
Tnoves westward. Sq tliat the line between these haura, 
instead of being comparatively straight, wouH b« an irregular 
Kig^ag. These disturbanceH of the mean counte are Bometimes 
conaiderahle, amounting even to one or two degrees in eitrcme 
cases. On some days the mean diurnal course ia much dis- 
turbed, oa others veiy little ; but it is never q^nrte free from 
tbem. It has been found that places of the same longitude 
have similar disturbances at the same tijnc ; that those on 
gpposite sides of the globe, or diflering by 180° of longitude, 
liave disturbances equal in amount but opposite in direction ; 
and that those sitnated SO' west or east of the disturbed 
regions have little or no disturbance. The appearance of 
auroras ia invariably accompanied by magnetic irregolari- 
lies, and their effect extends far beyond the regions where 
they are visible. Earthquakes and volcanic eruptions have 
also a marked effect in this waj. Humboldt gave the 
name of Magnelic Stornit to these irregular disturbances. 
Sabine has found that the frequency of nL%metic storms is 
greatest every ten years at the same time that the spots on 
the sun are most numerous. 

SI, Thtoriti of Terresirlai Magjidism, — The earliest theory 
was that suggested by Gilbert, in which it is supposed 
that a magnet in the middle of the earth extended fro(a ona 
magnetic pole to the other. On this sapposition, the general 
phenomena of terrestrial magnetism may be accomtted for— a 
needle, huth by declination and dip, must point to the poles. 
This must always remain, from its simphcity, the popular 
theory oa the subject. In consistency with his theory, 
Gilbert considered the north pole of the magnet to be 
a aouth pole, as he took the north pole of the earth for 
his standard north pole. If this theory were correct, the 
magnetic equator would be a great circle of the earth, 
and the magneUc poles would bo 90° from it, which is far 
from the case. It is only a rough approximation to a just 

Haliey endeavoored to supplement Gilbert's theory, by 
supposing two magnets of unequal strength crossing each 
' '" the earth's centre to bs tlie cause ot \«nea\Mi. 
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luagnetiBm. The theory of Ihe two lungiieU or foiu- pules was 
ably defended by Hanetecn. 

Barlow considered that the earth acted on the needle as if 
currentB of electricity traveraed it from east to west. He imi- 
tated its action hy wrapping a wire in parallel coils round a 
wooden globe, and causing a galvwiic oirrent to paaa throngh 
it. Each turn- of the wire represented a magnetic parallel, 
and the two ends of the coil the nu^netic poles ; and to eoto- 
plete the aiiali^y, the globe was movable on an axis, which 
btood in the eame relation to the enda of the coil m the astron- 
omicri to the magnetic poles of the earth. Wlien a small 
needle was placed on the globe, ita declination and dip boie a 
Btriking reaemhlance to thoae of a needle einiilarly situated 
on the eMlli's surface. The objection to this theory is the 
difficulty of accounting for the origin of such currents in the 
earth. To meet this, some suppose the earth to be a bugu 
Ihermo- electric pile ; as the heat of the sun falls on one side 
of it, currents are there generated which travel round the 
globe. But how, again, it may be asked, are the conditions 
of thenno-eleotricity implemented by the matcriala of the 
earth I Thi^ question still remains to be answered. The dose 
connection between tempemture and magnetism is shewn by 
the dinmal variation of declination, tbe epochs of which 
closely correspond with those of the daily temperature, ami 
by the fact that the ieodynaiaio and isothermal lines manifesB 
a marked correspondence. Sir David Brewster has also shewn 
that tliere are two centres of maximum cold in the northern- 
hemisphere, which are situated near to the two intensity 

Gauss did not start from any simple supposition of one 
or two magnets giving rise to the magnetism of the earth, 
nor did he aasert or deny its electro origin. ConEidering the 
whole eartli ae amgnetic, he aimed at determining how it must 
act as a whole at the different points on its surface. In order 
to make the equations he obtained theoretically in this 
attempt express the distribution on the earth, tbe magnetic 
elements of eight stations at a sufflcient distance from each 
»ther on the earth's surface hnd to he ascertained and aub- 
jj these equations. Tbis done, from the longitude 
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nnd latitade of any station he considered himseK prepared to 
deduce its magnetic elemente. The magnetio chorts which he 
sketched, though founded on the imperfect observationa to 
which he had access, ore singularly in keeping n'itU fact, aod 
go far to establish lie correctness of his reasoniziga. 

The secular variations are aa yet wholly nnnccount«d for. 
The cause of the diurnal variation is uidrersally attributed 
U> the Bun. Seiichi, who carefully studied the diurnal varia- 
liuu of the needle, considers that the sun, bo far as they are 
concerned, acts upon the earth as a powerful magnet at a 
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Diamagnetism. 



Dr Faraday was the first (1S45) to shew that all bodies 
are more or less affected by magnetic influence, and his beau- 
tiful researches on the subject have opened up a new field in 
tlie domain of science. He fonnd that the magnetism of 
bodies was manifested in two ways — either in being attracted 
hy the magnet, as iron ; or in bemg repelled, like bismuth. 
When a needle or slender rod of iron is suspended between 
the poles of ft magnet, as in flg 27, bemg attracted by them, it 
takes up a position of rest 
on the lino ai, joining the 
two poles. When a sub- 
stance behaves itseH in this 
imuiner, it is said by 
Faraday to he paramagnetic, ■ 
and to place ilself adalhj, 
ab being the ojjs. A rod of pig_ j, 

bismuth, on the other hand, 

being repelled hy the poles of the magnet, comes to rest in the 
line cd, at right angles to ah. Bismuth, and the like sub- 
stances, he calls diamagrutk, and they are said to place them- 
selves e^catoriatlij, cd being the et^uator. These tenni, being 
both definite and graphic, have been universally adopted, 
rm need by Faraday to indica.U TfiB^Miosaii 



of eillicr aort, although in general language it ia undentood 
to refer to paraumgactic bixUe^, snch as iron, &c. Pun- 
inagnedc bodies, then, are tboae which manifest the eame 
propertiea with regan! to the magnet that iron does ; and 
diomognetic bodies ara tlioee which, like bismuth, shew oppo- 
site but corrusponding properties ; so that in cin;uiiistaiiceg 
where paramagnetic bodies place thempelvea axially, diomag- 
netic bodies place themselves equutoriully ; and where the 
former are attracted, the latter are repelled, and vict vend. 
A. parunuignetic, therefore, not in the elongated form, bat in 
a compact shape, such as a ball or cube, is attracted by either 
pole of the magnet, when suspended near it ; a ball or cube 
of a diamagnetic, on the otlvet hand, eiperiences, when so 
placed, repulsion. 

The pamiiiagnetisni of iron, nickel, and cobalt beeomea 
manifest in the presence of magnets of ordinary power; 
but the msgnetiim of most other snbstances is so feeble 
aa to be developed only under the influence of the 
P p etrongeat magnets. Eleo- 

e^S"^^t^ tro-magnets are selected 

t^— ^' ^ *- JC ^ s^ for iiivestigationa on the 

■Fn iiioguetism of bodies, aa 

they can he made of a 
etrengtli far outriTalling 
that of permanent mag- 
nets. Fig. 28 represents 
an electro-magnet which ' 
may be employed for this 
purpose. The aoft iron ' 
horseshoe PPP, enveloped 
towards its eitremities in 
the coils of insulated 
copper-wire cc, which | 
communicate with a gal- 
vanic battery by the . 
wirea w, is fixed in an upright wooden frame. The ends or 
poles of the magnet rise slightly above the table or board ' 
which forma the upper part of the frame. In order con- 
reniently to suepend substances between the poles, and to 
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Kt tliem while under observatiou from ciirrenta of air, 
3 frame of Biniple cousttuction, fig. 29, ia mode to fit 
the table. The upper plate of the frame admits Bi wooden 
riiig, into which an upright glass tube is fitted. Tlie thread 
hj which the needle is snapeaded is wouud round a Glender 
movable bobbin at the top, ao tltat 
it can be elevated or lowered to 
the proper position. To modify 
and direet the action of the niagaet, 
two pieces of soft iron (Sg. 37) ui<a 
made to rest on the end faces thi i, 
are painted at one extremity, ani 
flat at the other, so that the force 
of the magnet may be concentratLl 
in the points, when they are tumeit 
towaida each other ; or dilf used over , 
the opposite flat surface, whea then 
position is reversed. p jj 

To observe the efiect ot tin 
magnet on liquids, Faraday plated thnm ]n long tubes of 
very thin glass, and suspended tliem as m the case of Bobd 
needles. It was foucd that some arrangei themselves anally, 
and others equatorially. The attraction and reptilHion that 
liquids experience in the presence of the magnet has been 
prettily shewn by Plucker A large dmp of liquid la pla ed 
in a watch-glass (figs. 30, 31) and laid upon two poles of the 







shape shewn in the figurea If the liquid be paramagnetic, 
the iuriace becomea depressed at the interval between the 
pole^ and heaped up over the extreme edges of them (fig, 30). 
A diantagnetic liquid, on the other band, shews a depression 
■t eftch edge of the poles, and a heaping up at the centre (fi& 
SI). 
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'ilx magnetic nature of flames and gasea liaa tpen ulso 
studied. When the flame of a candle is brouglit between the 
poles of a magiiet, it is repelled by them, aud thrown out 
horizontally into an equatorial position. To ascertain the 
mBgnetiam of gasea, Faradaj inOated soap-bnbblea with them, 
and their poiu- or dia- magnetism was ciliibited b; their being 
attracted or repelled hj the poles. He ascertained the same 
by causing the gases to flow out from glass tubes in the 
presence of the poles, when the pecoliai nu^netiam of the gas 
was shewn by its choosing an axial or equatorial means of 

The following list gives the kind of magnetism displayed 
by the more common substances is the order of theif powers ; 

ParaTnajnetic, — Iron, nickel, cobalt, manganese, chromium, 
titanium, palladium, paper, sealing-wai, peroxide of lead, 
plnmb^o, Ted-lead, sulphate of zdnc, shell-lac, vermiUon, 
charcoal, proto and pet salts of iron, salts of manganese, 
oxygen, air. 

Viamagnetic — Bismuth, antimony, zinc, tin, cadmium, 
sodium, mercuiy, lead, silver, copper, gold, arsenic, uraniom, 
tungsten, rock-crystal, mineral acids, alum, glass, litharge, 
nitre, phosphoma, sulphur, resin, water, alcohol, ether, sugar, 
etarch, wood, bread, leatier, caoutchouc, hydrogen, carbonic 
acid, cod-gas, nitrogen. 

The nature of the medium in which the body under exam- 
ination moves, exerts a powerful influence on the nature and 
amount of the magnetism it exhibits ; thus, if a gloss tube be 
fdled ■with a solution of the proto-sulphate of iron, and hus- 
pended between the poles, it will place itself axially. It will 
do the same if made to move in water, or a solution more 
dilute of the proto-anlphate of iron. It will be indifferent in 
a solation irf the same strength, but it will place itself equa- 
tonally in a stronger solution. Thus, the same substance may 
appear paramagnetic, indifferent, or diamagnetic, according to 
the nature of the medium in which it moves. As a general 
rule, a body shews itself paramagnetic tow.irds one less para- 
magnetic than itself indiffereat towards one equally mt^etic, 
and diamagnetic towards one more paramagnetic than itself, 
The same takes place, mutatis mulandis, with diamagnetic 
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cubstancea. Tliia has given rise to the theory, that there is uo 
each thinf- as diamagaetism per ac, and that bodies are din- 
magnetic only in media of greater paramagnetic power than 
their own. This view of the case is, however, rendered highly 
impTobable from the fact, that diamagnetism is exhibited aa 
decidedly in a vacuum as in any medinm, and a vacnnm 
cannot be supposed to possess magnetic properties of eitht'i 
kiud. 



^P Chronology of Magnetism. 

23. The property of the loadstone to attract iron appears 
to have been the only fact in the science of magnetism 
known to the ancients. The compass is a comparatively 
modem discovery ; it was certainly known ia Europe 
in the 12th century, the first reference to it being made 
in a manuscript poem by Guyot de Piovina, now in the 
national library of France. The Chinese, according to 
lome, were acquainted with it as early aa the 4th century. 
The discovery of the change in declination at different 
places is generally attributed to Columbus, and was one of the 
many important observations of his memorable voyage across 
Ihe Atlantic. Robert Norman, an instrument-maker iu 
London, first discovered the dip of the needle in 1576. He 
was led to it by finding that needles nicely balanced 
before magnetisation had to be slightly loaded on the south 
end, to keep them horizontal after being magnetised. The 
first Teally important contribution to m^netism as a science, 
was the Tractaiiu de MagneU by Dr Gilbert of Colchester, 
physician to Queen Elizabeth. It was published m 1600. 
He first, used the word jwles with reference to magnets, and 
gave the first theory of terrestrial mi^netism, viz., that of the 
single magnet. Bailey, the astronomer-royal, published his 
Ihcory of the four poles ia 16ea In 1688 and 1689, at the 
Eipense of government, be made two magnetic voyages, the 
lesalta of which he embodied in his charts of the lines of 
1 declination, pablished in 1701., w^c\ -wese. ftift fcA 
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magnetic charts ever published. In 1722 the diurnal varia- 
tioiL was discovered by Graham, the celebrated instrument- 
maker of London. About the middle of the 18th century, 
armatures began to be used, and various new processes of 
magnetisation were found out Knight invented divided 
touch, which was afterwards improved by Duhamel (9) ; 
and Mitchell double touch, afterwards improved by 
Epinus (9). Brugman, in 1778, discovered that cobalt was 
attracted and that bismuth was repelled by the magnet 
Coulomb (1789) discovered the law of the distribution of 
magnetism on a magnetic bar, and the law of magnetic 
attractions and repulsions. The first inclination chart was 
published by Wilke, at Stockholm, 1768. Humboldt 
inaugurated the present system of careful observations of 
terrestrial magnetism by taking comparative measurements 
of the magnetic elements at Peru and Paris (1799 — 1803). 
Hansteen's work on the Magnetism of ihe Earth (21) was pub- 
lished at Christiania, 1817 ; in 1826 he published the first iso- 
dynamic charts. Barlow, 1831, suggested the electric origin 
of terrestrial magnetism (21) ; and 1833, introduced correcting 
plates of soft iron for dkxpQ, In 1831, Captain Boss came upon 
the north magnetic pole. In 1835, stations were established 
throughout Europe, and the observations were published by 
Gauss and Weber, 1836. Gauss (1833—1840) perfected his 
theory. In 1837, Colonel Sabine published an isodynamical 
chart of the whole globe. Diamagnetism was discovered by 
Faraday, 1845. Observations were made (1840 — 1854) at 
stations throughout the British Empire by British officers, 
imder the direction of Colonel Sabine. In 1855, Tyndall 
shewed that a diamagnetic body assumed a polarity similar in 
action but transverse to that of a magnetic body when under 
the action of magnetic force. 
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Vint Principles. 

S4. ElectficUy of tvfo kindsy Poniice and AV^sIukl— Tie 
first principles of electricity are illnfttnted hj the dectnc 
pendulwn {ftg. 32). A ^aas tabe bent at rig^t ang^ so as to 
project horizontally, is placed on a oonvenient aitand. On the 
hook in nhich its xspper end ter- 
minates, a cocoon thread is hnng, 
to the end of which a pith-ball is 
attached. Glass and silk, as will 
be afterwards mentioned, do not 
conduct electricity, so that what- 
ever electricity is communicated to 
the ball remains in iL If a tube 
of glass be rubbed by a dry silk 
handkerchief, and brought near 
the ball, the ball is at first briskly 
attracted, and then as briskly 
repelled ; and if the tube be then 
moved towards it, it moves ofi^ 
keeping at the same distance &om it The ball being so 
affected, or charged, as it is called, a rod of shell-lac or of 
sealing-wax, after being rubbed with flannel, attracts it, if 
possible, more briskly than before, and again sends it off 
exactly as the glass had done. If the glass tube be now again 
taken up and rubbed a second time, if necessary, the baU will 
act towards it as it did towards the sealing-wax. The same 
series of attractions and repulsions would have taken place if 
we had begun with the sealing-wax instead of the glass tube. 
We interpret this experiment in the following way. When 
glass is rubbed with silk, it becomes invested with a peculiar 
property^ by virtue of which it is eiva\>Y^ \a ^XXc^-kX 
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pitii-bEiU or any otLcr light suhBtance ; and after contact 
conmiunicated this property to the boll or other matlei^ 

ipulaion takes place between them. In consequence ot lie 
boll being Biispciided. hj an insulating thread, it retains the 
property of rubbed glass thus given it ; and although then 
repelled by a body having the same property, it is powerfnllf 
attracted by rubbed sealing-wax. After contact og^n take* 
place, and the property of rubbed sealing-wax has replaced 
that of rubbed glass in the ball, the two Bimilorly a&eol«d 
bodies again repel, and the some series of attiactions asd 
repulsions will continue if we prraent the glass and the 
altuTuitely to the balL These pecnliar powera, developed 
ou the glass and wax, by friction, receive the name of electrici- 
ties ; the electricity of the glass being called mlrsous, and th*^ 
of the aeaUng-wax rmTioiw, glass and resin being the type b 
Btancea on which they are produced. For vitreous, yoritiw, . 
for resinous, negative, ore now almost UQiversally eubstitnted] 
and although these tenns are meaningless as applied 
similar alfections of matter, they have the advantage of beingf 
definite^ and of having no reference to the source whence the 
electricity originates. They admit, moreover, of a very cott 
venient contraction, viz., the algebraic -|- for positive, and -• 
for negative; and when written in this way, their rektiva 
opposition, bo to Bpeok, is graphically shewn. ThiOQghoni 
this work, we shall use the contraction 4- E for poeiliT! 
electricity, and — E for negative electricity. Wa are tan^d 
by the above eipeciiucut, that liodiea electrified either ptaitivdf 
Vt tiegativety, attract Tieatral bodies and bodies affected wid 
tlictricity of an opposite name to their own, hii repd tAei 
<^ecled v>ith electricity of the eamu name; and Utat eUctriei^ 
etm be eom/mimiiated from, one body to anoth^ by contad. Con 
tact is not the only way in which one body communicates thi 
like electricity to another. We find, when we deal with large) 
bodies than the pith-ball of the experiment, and sometimei 
even with it, that the passage of a spark between two bodiej 
without contact communicates the electricity of the one to thf 
other, 

25. Both Electricities prodw:ed together.— The part played b] 
the rubbeta in the above experiment must not be overlooked 



' FarcrroiTAL ok statical KLECTRicrrr. 47 

Tlie flilk handkerchief employed to rub the glass asaumea tha 
RainguB or — electric state, and the flannel rubber of tl:e 
8ialuig-wax the vitreous or +. This canttot, however, be 
dearly shewn, as the experiment is performed, for the rubbers 
We in eaoh case tightly embraced by the hand, which carries 
off their peculiar electricity, so that they give feeble, if any, 
evidence of electrical oscitement. As the rods are held only 
by their eitremitiea, the eleotricitiea of the untouched portions 
anSer almost no dlmiiiution. If vulcaniaed india-rubber cloth, 
however, be used instead of the silk handkerchief, tha rubbing 
side of the cloth shewa — E. The different electricities of 
the rubbing surfaces are best shewn when the rubbers as well 
ae the rubbed surfaces are insulated. When two similar discs 
— one of glass, the other brass covered with, silk — held by 
insulating handles, are rubbed ti^ther : so long as they are 
kept touching, no electricity is shewn, for the opposite elec- 
tricities neutralise each other; but when they are separated, 
the former shews -I-, the latter — E. The negative and posi- 
tive conductors of the electric machine illustrate the same 
principle. From the most careful observations attending the 
production of electricity, we are led to conclude that when 
ont tUciricity m produced, tu mucA of Ike opposite electricity is 
pradvced. 

The relative nature of the rubbing and rubbed surfaces 
determines the kind of electricity which each assumes. Thus, 
if glass he rubbed by a cat's fui instead of silk, its electricity 
is — instead of +. In the following list, each body, when 
rubbed by any one preceding it, is negatively electrified ; by 
any one succeeding it, positively : cats' fur, smooth glass, 
linen, feathers, wood, paper, silk, shell-lac, ground glass. 
When two pieces of the same material are rubbed together, 
the colder or smoother becomes positively eioited Metal 
filingB rubbing against a plats of the same metal determine 
— E in themselves, and -t- E in the plate. Then a white 
tQk ribbon ia rubbed by a black one of the same texture, the 
white one becomes -|-, A plate of glass becomes + when a 
rtream of air is directed against it from a pdr of bellows. Tlie 
friction cabsed by steam of high tension issuing from a narrow 
pipe develops electricities in the Bteam aui ^v\ia ■w\\vi'i. 
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depend on tlie material of the latter. Thia fnct has hemi 
turned to advant^e b; Annettoag in tbe construction of a 
boiler electric-machine of immenBe power. 

26. Sources of EUetricity. — There are other TOe^ns of derelop- 
ing electricity of the same nature as that ohtiuned by friction, 
besides friction itselt In general, everything that tenda t« 
disturb the molecular condition of bodies tends to produce 
electricity. Cleavagt. jiTesture, and changt of ttniptratttn, 
more especially in crystalline minerals, are frequently attended 
with the development of electricity,— The electricity of deav- 
nge is shewn by rapidly cleaving a, plate of mica, when one of 
the divided faces ahewa + E, the other — K A feeble phos- 
phorescence also marks the separation when made in the dark. 
Several other minerals possess the ettme property. The light 
that accompanies the breaking of loaf-sugar and BUgai- 
candy in the dark is generally attributed to the electricity 
of cleavage.-~Hauy found that when a piece of calc spar 
is pressed between the fingers, it becomes positively elec- 
trified, and remains so for days together. Fluor spar, 
topaz, mica, arragonite, quartz, and otliec minerals, aBsnme 
one or other electricity when pressed. When two discs, 
one of cork, the other of caoutchouc, are pressed together 
by insulating handles, on separation the former is foond 
to be -f, the latter — . A slice of cork and a slice of 
orange observe the same relation in similar ciroumatanc«a. 
When in the latter case the eeparation is suddenly made, m 
obtain a greater effect thau when it is made slowly, from 
which we learn that conducting surfaces when pressed together 
phew no excitement, proljably from the recombination of both. 
electricities at the instant of their production. — Tonrmsiins 
offers the most remarkable illustration of the electricity got 
by change of temperature. When a crystal of this mineral is 
heated, it shews at each end of its principal axis a different 
electricity. If it be divided when thus excited, each of the 
halves has an electricity at each end like the whole. It thos 
manifests an electric polarity, like the magnetic polaiily of 
[he magnet. When the heating ceases, for an instant it loses 
■ polarity, and then as it cools it assumes the opposite polar- 
■ i^ to that it liad before. Below 50° F., and above 302" F* 
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tuurmaline seldom ahewa electric properties. Topaz, boracite, 
andaGTeral other inuieTab,ie£euibletourmdine in their action 
under heal. The electricity thas developed by heat ia eome- 
timefl called pyro-electricity. — There are other sources of 
electricity, of which we shall a^rwarda treat, such as chemical 
action, motion of magnets, heating of different metals at their 
junction, &C. J but these give current electricity, while friction, 
cleavoge, &c., ^ve statical electricity whose propeities are 
best studied when insulated oi at resL 

S7- Conductors and Non-conductors (Ger. Ldter, Nicht-lettery 
— If a rod of metal be made to touch, the prime conductor of 
an electrical machine immediately after the plate has ceased 
to rotate, every trace of electricity instantly diaappeata. But 
if the same were done with a rod of ehell-lac, little or no 
diminution would be perceptible in the electrical eicitement 
of the conductor. The metal in thia case leads away the 
electricity into the body of the experimenter, and thence into 
the ground, where it becomes lost, and it receives in conse- 
quence the name of a conductor. The ehetl-lac, for tha 
oppositfl KMon, ifl called a non-J!onductor. Different snb- 
Btances are found to possess the power of conducting electricity 
in very different degrees. The following series claaaifiea the 
more oommnn substances according to their couducting powers, 
begirming with- the best, and ending with the worst conduc- 
tors. Conductors — The metaJa, graphite, sea-water, spring- 
water, rain-water. Semi-conductors— Alcohol and ether, diy 
wwid, marble, paper, straw, ice at 32° F. Non-conduetora — 
Dry metallic oiidea, fatly oils, ice at— 13° F., phosphorus, 
lime, chalk, camphor, porcelain, leather, dty paper, feathers, 
har, wool, silk, gems, glass, agate, wax, sulphur, leain, 
amber, gutta-peicha, caoutchouc, ahell-lac, ebonite, water- 
vapour as a dry gas, dry gaeea. 

The arrangement into conductors, semi-conductors, and 
non-conductors is made with reference to frictional electricilj, 
or electricity of a high tension. The aubatonces which are 
semi-conductors for frictional electricity are found to be 
almcet^ if not altogether, son-conducting for the electricity of 
tile galvanic battery, which is too feeble to force a passage 
'i them. The metals, which ap^ieai Ui ■\)e afi. TiaaA-i 
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alike conducting for friclional electricity, offer widely differitig 
reaistaiices to the tnuiGmisaion of the galvanic current. TKeii 
ralativB conducting powers aro atlerwarda given under Qal- 
TAHISU. An increase of temperature has in the metals the 
effect of lessening the conducting power, whilst in almost all 
other aubatances it has aa opposite effect Qloaa becomeB 
conducting at a red heat, and bo do was, aulphar, amber, 
and Bhell-lac, when fused. 

Imulatiim. — Wlien a conductor ia placed on non-c«ndncting 
supports, so aa to prevent the electricity communicated to it 
from passing into the ground, it b s^d to be insulated. The 
itanal insulating material employed in the construction of 
electrical apparatus is glass, which is hard, dumble, and easily 
worked ; and could its aurfaee be kept dry, it would be one 
of the best non-conductors. In frosty and very dry weather, 
gloss insulates well ; but at all other times it becomea coated 
with a thin, scarcely visible, layer of moisture, which very 
considerably impairs its insulating power. In order to 
insure dryness, it is necessary to heat electric apparatus 
before use. Water-vapour, in the form of an elastic gas, 
is non-conductitig, and when it can be kept from condensing 
on the glass, it does not in that state affect the insulating 
power of the air. The deposition of moisture is much lessened 
by coating the glass with shell-lac, which is done by painting 
the glass when tot with shell-lac varnish. Green glass, which 
contains no lead, is better adapted for the construction of 
electric apparatus than flint glass, and does not attract 
moisture to the same extent. Ebonite, a rigid preparation 
of vulcanise*! india-rubber, which has come much into osa 
of late, is much superior to glass as an insulator. It is of 
thi.'i substance that india-rubber corahs are mode, which in 
dry and frosty weather moke the hair crackle with electricity. 
With the beet insulators, and with dry air, it is not possible 
to maintain undiminished the chaise which a body receives. 
There is invariably a loss, arising chiefly from the particles 
of air or dust becoming charged, and carrying off the 
charge, and partly, perhaps, from the insulators, even the 
best of them, being imperfect non-conductore. In all exact 
eiporimenta it is mjcesaary to ascertain the rate at which the 
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cliarge diininislieG, and to tate it into account in eEtiinating 
res lilts. 

EUelrici and Nan-ekdrics (Fr. idiofkctriques, anileetT{q\tes). 
— The terra eketries is applied to thoae snbatanoea which, 
when held in the bands and rubbed, become electric ; and 
mm-eUctrics, to those which do not. The distinction is almost 
an nnnecessaiy one, for almost all bodies when mbbed become 
electric. In the case of conductors, the electricity is no sooner 
eidted than it is conveyed by the body to the ground j while 
in the case of non-conductors, from want of conduction, it 
remains on their surface. When a raetal rod is 'rubbed with 
a eiik handkerchief, no electricity is shewn by it if it is held 
in the hand ; bnt if it be held by a handle of glass, it becomes 
electric. The hand conveys the electricity of the rod to the 
ground in the first case, bnt the glass, insulating the rod in 
the second, prevents this discharge. The rod ia truly an 
electric in both cases ; non-electric is a term which, strictly 
Bpeaking, is applicable to very few, if any, s 



H Statical Induction. 

" 88. Induction (Fr. inflaeitce, Ger. reriTiei'iim?).— Electri- 
city has the power of inducing the bodies in its neighbour- 
hood to assume a peculiar electrical condition ; this i^ 
exhibited in the following simple 
way : A brass cylinder, rounded at- ~ 

both ends (fig. 33), ia insulated on a, a 
glass pillar, Two pith-balls, hung by l 
cotton threads, are attached at either 
extremity. When on insulated ball 
charged with -I- E is placed within a 
few inches of the end of the cylinder, 
the balls at each end diveige, shew- rig. 33. 

ing that each pair is charged with 

the same electricity. When the chai^d ball is ivithdrawii, 
the bolls hang down as before, so that the electrical escite- 
weot of the cylinder is merely tempoiaij, anS. isi^ci&eti- 
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on the proximity of the cltorged ball. If, while the halls ai 
apart, a -proof plane (Fr, plan dUpreuve ; Ger. ProfiMcfceiScAm) 
aisting of n email disc of gilt paper, insulated 
tha end of a glass rod (fig. 34), be mode to touch 
the end next the chained ball, aiid th^n tranefeired 
to an electrometer, the electricity is found to be — j 
if the same be done at Uie other end, it is +. Tha , 
nearer end of the cylinder is thus induced bj 
the + E of the chajged ball to aaaume the native 
electric state ; and aa no — E can be excited with- 
out as much -f E, we lind the other end poaitively 
I I electrified to the saiue extent. That the induced 

^H j electricities are equal in amoimt, ia proved by the 

^^k I fact tliat they neutralise each other when the ball 
^^1 J)_ is withdrawn. If the cylinder were made up of two 
^^B^^^^^ parts, each supported by a glass leg, the two electri- 
^^^K ^ M cities might be iusulatcd on withdrawing the parts 
^^^V from each other in the presence of the chained body, 

^^^Kthe one being +, and the other — . The neutral line between 
^^^ "Hie two electricities is found to be nearer to the end next the 
ball, and to shift nearer to that eud as the ball approaches. The 
action of the electricity of the charged ball inducing in the 
cylinder this peculiar electrical condiUna is called induetwn, 
and the cylinder in this state is said to be polarised; that is, 
to have its poles or ends like a magnet, each having its 
similar but relatively opposite force. 

The + E of the ftnlher half of the cylinder (fig. 33) is as 



free and insulated as if no — E existed on the other half. 
TbJB is shewn by placing a cylinder near the first, fonning a 
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continilation of it, as it were, without toiicliiiig, wben tlia 
second cjlinder, under the induction of the + E of the lirat, 
ia thrown into the same state as the first. This second can 
induce the some state in a third (Hg. 35), and eo on. Ah the 
charged boll ia withdrawn, the whole series return to theii 
natural condition without being in any way pennanently 
afiected. The moment, however, it is again brought near, 
each cylinder becomes again polarised, and there is manifested 
U, the further tennination of the last a + E, which exerts the 
some influence on the hall connected with the ground as if a 
portion of the electricity of the ball had been actually 
communicated or transferred to it 

From the position of both eUctricitia in induction, it is 
manifeat that they abaerva the same attractiont and repulsioni 
at the bodiai affected by tkein. Induction throws light on 
electric attraction. The pith-ball of the electric pendulum 
(%. 32] is in the neighbourhood of the excited gloss in the 
tame polariaed condition as the cylinder (fig. 33). The side of 
it next the glass is — by induction, and it is not, as at fiiat 
eupposed, the + glaaa attracting the neutral ball, hut the + 
glass attracting the side of the ball in an opposite electric 
Etate to itself. Owing to the greater distance of the + side 
of the ball, the repulsion of the like electricities is less 
than the attraction of the nnlike electricities. Attraction 
thus always occurs between bodies afiected by oppoiite 
electricities. 

TKt amount of the ekctricUy induced by an electrified body 
m ftMrounffiTU/ conductors ii eqjial ajid oppoiite to that of the 
vndueiiig body. Faraday proved this by the following beauti- 
ful experiment He inBulated an ice pail, A (fig. 36), ten and a 
half inches high and seven inches in diameter, and placed the 
ontcdde of it in conducting connection with the knob of a gold 
leaf electroscope, E. A round brass ball, C, suspended by a 
long diy thread of white silk, was charged with + E, and intro- 
duced within the pail. The pail was thus subjected to polar- 
UKtion, the induced — E being on the amer, and tlie + E on 
tiu outer surface. The divei^ttce of the leaves caused by 
the induced + E increased as the ball was lowered, until it 
iunk three inches below the opening, when ttft^ temsflMd. 
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steadily at the same point The ball was lowered till it 
touched the bottom, and commnnicated its chaige to the pail, 
when the leaves remained in the same state as before. The 

ball when lifted out was found to be 
fully discharged, shewing that the 
+ E developed by induction on the 
outer surface was exactly the same 
in amount as that of the ball itself. 
The ~ E of the inside of the pail 
being equal to the + E on the out- 
side was therefore equal to the + E 
-^ A of the ball, but opposite in kind. 

He altered the experiment so as to 
have four insulated pails inside each 
^ other, and the effect on the outmost 
pail was in no way altered. No force 
' ^ , JJ \^_j_ was lost in the transmission from one 

lE pail to the other. We may conclude 

from this experiment that on the 

Fig. 36. walls of a room, or other conductors 

surrounding the charged body, the 
total amount of opposite electricity induced is equal in 
amount to that of the body itsel£ 

29. Oorrvm/unication of Electricity by Induction. — If the hand 
touch the cylinder (fig. 33) when under induction, the pith- 
balls next the charged ball diverge further than before, and 
the other two cease to be affected. In this case, electrically 
speaking, the cylinder is a portion of the ground, for the hand 
and body are conductors; its dimensions therefore being 
increased, more — E is developed than before, and the + E is 
thrown back into the ground, and is lost ; or it may be more 
correct to say that the + E'now spread over the earth as well 
as the cylinder, an infinitely large surface, is infinitely weak or 
nothing at any point The — E is kept fixed in the part of 
the cylinder opposite the ball by the + E of the latter ; and 
when the hand is first removed, and then the ball, it causes 
the balls at both ends to diverge permanently. Thus, token 
an imuUUed body is charged by being uninsulated for an instant 
m the presence of an excited body, or diovrcied) <u it is termedy 



indnctitely, ilt charge ii of the opposite kind to that of Ike 
indtieing body. 

30. Induction Uniwriai in iti Action. — It would geem, 
moreover, by a careful study of tie action of induction, that 
when a body is charged hy contact or spark, ita charge is no 
less dne to it. Let us consider the case of charging tiie cjljji- 
(ler (fig. 33) by the positively electrified ball When the ball 
is brought near to the cylinder, the latter becomes polarised, 
and the — K is turned towards the halL When the ball ia 
near enough, by apatk or contact, the cylinder ia permanently 
charged with + E. Now this must occur in one of two ways : 
Either the — E of the cylinder at spark or contact partially 
neutralisoB the + E of the ball, and a balance of + E flows 
over to the cylinder to increase the + charge inductiTely 
already there, or an equal amount of both electricities becomes 
nentralised at contact, and the + E of the cylinder already 
there is left alone without ite negative twin. The latter 
alternative seems the more likely on many grounds. It seems 
reasonable to expect that induction, which at the beginning 
of its action can partially charge the cylinder, can, when 
complete at contact, fiilly charge it ; and it seems unlikely 
that the efflux of — E, and the extending of the + E, towhich 
the action at the beginning tends, as is shewn by the shifting of 
the neutral line towards the point of contact, should he imme- 
diately succeeded by an influx of 4- E, as if the chai^ng of 
the cylinder had to be done partially by one operation, and 
folly by an opposite one. Faraday's experiment (fig. 36) 
shews that no such counterflow takes place. As soon as the 
hall is ]ow enough in the pail to expend all its inducing force 
on it, the + E induced on the outside is complete, for the 
leaves of the electrometer on the ball being lowered further, 
remain at the same point. The + charge which the pail keeps 
after contact is not greater than it was before it, for on contact 
the leaves are not affected. All manifestly that contact 
effects is a junction or neutralisation of the + E of the ball 
iiud the — E induced on the inner enrface of the paU, leaving 
the induced -|- ^ o^ ^^ outside as it was before contact. 
Bimilarly, in the case of the cylinder, the charge which it 
nately receives is fully developed in it at contact ; contact 
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merely nentralising the — E, and learmg tbe iaduced 4- 
iindiHtuibed pOBaeBaion of it. Tbe icaide of the pail, aa shewn 
by the hall when taken out, ia perfectly neutraL The -;- E 
which charges the cylinder is equal to tbe + E of the ball, 
which ia neutrolieed itt contact, for the — E which neutralisea 
the + E of the ball ia the twin electricity of the + E of the 
cylinder. Tbe result of contact U aa if a portion of + E 
had actually been tranafeired to tbe cylinder, the loss of the 
boll being equal to the gain of the cylinder. Induction 
monifeBtly has as much to do with chaining by contact, or 
condwlivelti as it is termed, as it has with chai^g by 
momentary contact with the gronnd in presence of an excited 
body, or inductively, only the electricities communicated are of 
opposite names. 

But induction. leads to diacharge aa well as charge. Let ua 
discharge tbe cylinder already chained by contact. On the 
hand approaching to discharge it, the + K of tbe cylinder in 
its turn polarises the hand, causing — E to appear on it, and 
sending the twin + E into the ground. At contact the + E 
of the cylinder and the — E of the band or gronnd nentralisa. 
It was formerly charged positively by — E leaving it ; it ia 
now rendered neutral by an equal amount of + E leaving it. 

Lastly, let ua consider the condition of the cylindera 
(fig. 35), if the positively charged ball were discharged through 
them into the ball connected with the ground. The polarity 
of the cylinders would he the same as that shewn in the 
figure. Ab tbe inductive action increases, the opposite ele> 
tricities become more developed at each end. We must place 
the cylinders at some distance from each other, and from the 
ball at the other extremity, so as to prevent them touching 
and acting as one cylinder in connection with tbe ground. 
Suppose them ao placed that when a spark pasaea from the 
ball to the first cylinder, aparks also pass at tbe other 
interruptions. When these sparks occur, the ball and the 
cylinders are finally discharged. Making use of the same 
reasoning here aa we have done above, we cannot conceive of 
this discharge taking place iu any other way than that at each 
interruption two equal and opposite electricities neutralise 
'l other. The charged ball beoomea discharged by ths 
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cylinder next it yielding at the spark as mucli — E as it 
has of + E ; the cylinders act in the same way to each 
other, discharging opposite electricities at each end ; and 
the + E of the farther end of the last cylinder neutralises the 
~ E of the ball connected with the ground. There is here no 
passage of the electricity of the ball into the ground, but the 
effect is the same as if it did. Induced electricity is the term 
applied to electricity that appears on bodies before actual 
contact or spark. It is the forerunner of charge and discharge, 
these being, in fiEtct, the crises to which induction tends. 

It would thus seem that in whatever way a body acts, 
whether as giving or receiving a charge, discharging or Ijiag 
in the path of a discharge, in every case it is by electricities 
leaving it and becoming neutralised or disappearing by spark 
or contact. The usual phraseology of electricity supposes the 
actual passage of the electricities looked upon as fluids, fromj 
into, and through conductors, but the very existence of induc- 
tion renders such a supposition untenable. Electric terms, 
like many others, however, in science, though based on a 
wrong supposition, distinguish quite definitely the phenomena 
they describe. Moreover, they express what is true in effect, 
though not in process, and if we look on electricity as a force 
of which the -f and — electricities are merely the manifesta- 
tions, we may speak of it as entering, leaving, and traversing 
bodies as one of its manifestations is, according to the usual 
phraseology, considered to do. 



Theoretical Views. 



31. Flwid Theories,— There are two theories which have 
played an important part in the history of the science — the 
two-fluid theory of Dufay and Symmers, and the one-fluid 
theory of Franklin. According to the former, matter is per- 
vaded with two highly elastic imponderable electric fluids — 
one, the vitreous ; the other, the resinous. These are supposed 
to repel themselves, but attract each other. Neutral bodies 
give no evidence of their presence, for they are there 



ttentnlised tbe tme hj die othei; but when hj frietam or 1 
oilux operatioa the fliuds aie sepunted, each body observea \ 

the attnctiaii3 and repnlaoos of the fluid it happens to have. 
According to the latter, theie ia onlj one electric fluid which 
repels iteeltl bat sttiBcts mattet. Friction detennioes a gain 
of the fluid to the positive, Aod a loss to the negatiTe body. 
Of the two theories, Dofaj's it geneiallf pKfeired, became 
the perfect etmilarity of e«ch electricitf, separately caaddered, 
b better represented b; two dmikl fluids, than bj a flnid on 
the one band, and matter on the other- Tbe action of iuduo* 
tiou, as we have just described it, does not seem to favour 
the idea of electricity beiTig a fluid or fluids. Either 
theory can give, in the main, & graphic explanation of electric 
phenomena ; but this does not necessarily imply their troth, 
for any theory which made allowance for the double nature of 
electric force conld not fail to be in some degree satisfactoTf. 
It ia extremely qnestiouable whether electricity is a fluid at 
aU. It ia true that the distribntion of electricity on the sur- 
faces of conductors is that of one of the fluids supposed ; but 
to act aa a fluid, and to be a fluid, are two very different 
things, and something more is needed than mere anali^y to 
prove electric fluidity. If snch a fluid existed, we might 
expect to have some traces of its separate existence ; but 
experiment teaches us that electricity is never nianifested or 
tranonitted apart from ponderable matter. It is difflcnlt to 
conceive of fluids of the nature supposed. They are, in fact, 
quite as peculiar as the phenomena which they are intended 
to explain ; still, the science of electricity is very much 
indebted to the supposition of its fluidity. It has served to 
lessen the abstractions of the science, and to simplify the com- 
prehension of phenomena, much in the same way that the 
balls of an abacus, though not numbers, fadUtate calculation 
by being dealt with aa sucL 

32. Farada^i Theory of Induction. — Faiailay baa projmunded 
a theory of electric action by induction, which, though it does 
not profess to overturn the other theories, in effect does so, 
by leaving room for the assumption that electricity need be 
nothing mora than a molecular affection or property of raatter. 
In comprehensiveness it goes for to bind together the varied 
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and complicated phenomena of electricity in all its conditions 
into a harmonions whole. We shall therefore give a detailed 
account of it. ^ 

Faradaj finds a radical defect in the fluid theories ; viz., 
the leading ont of account of the interveiiing medium in 
induction. According to them, an electrified body is a centre 
from which lines of electric force proceed in all directions in 
straight lines. Surrounding bodies are more or less affected 
according as thej are more or less near, the air or medium 
between being in no way concerned in the propagation of the 
force. The only part played by the. air is to keep by its pres- 
sure the electric fluid on the electrified body, and prevent it 
firom springing into the bodies presented to it. Faraday con- 
siders this view of the fimction of air to be faulty theoretically, 
for it seems unlikely that a dense fluid like air can restrain 
the electric fluid supposed to be infinitely rarer ; and he 
proved, by a series of testing experiments that air has a 
much more important part to discharge ; that it is, in fact, the 
medium of propagation. We have not space in this small work 
to quote his experiments, but we shall indicate the general 
principles of them. 

Let A be a body, say positively electrified (fig. 37), PP a 
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metal plate insulated on a glass pillar, connected by a chain 
with the ground, B a ball provided with an insulating handle. 
Let us leave meanwhile the series of half-shaded circles out 
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of account. Let ua suppose that PP being awaj, B is exposed 
to the uninterrupted action of A. B in that ca» 
poisrised, and when touched with the finger it becomes 
charged with - E (29) the amount of which can be estimated 
by an eieotromet^ir. Let PP now occupy a place in ikmt of 
B. If, according to the fluid theories, electric force travels in 
ertr^ght lines like the raya trom a candle, the plate PP should 
cost, so to speak, an electric shadow, for the inductire action 
exerted on it fixes — E on the side next A, and senda the + E 
to the ground. The back of the plate PP gives not the 
faintest sign of electricity, so that no action can proceed from 
it. Faraday found that when B was placed immediately behind 
the middle of PP it could not be charged. Towards the edge, 
however, of the plate, and even behind the middle of the 
plate, when held a little way out, a charge was given it, and 
in each case negative. At a certain distance behind the 
middle of the plate the charge reached a maiimum, within or 
without which it fell off. Induction here manifestly tarns a 
comer, or is exerted in curved lines, which cannot he accounted 
for in any other way than by supposing the air to be the 
octive medium of transmission. 

Again, suppose FF insulated, and let B be laid aside, when 
the plate is touched in the presence of A, it is charged nega- 
tively (29), and, as is to be expected, the charge thus given is 
greater when PP is near A than when it is further from it. 
If the charge that PP receives at a certain distance be 
nieasuied when air only intervenes, and again measured when 
a cake of shell-lac no thick as to fill up nearly the whole inter- 
vening space is interposed between A and PP, it will be 
found that the charge is greater when the shell-lac lies between. 
The effect is the same as if the plate PP in air had been shifted 
nearer to A, From this experiment Faraday again concludes 
that the electric action does not pass throi^h the intervening 
medium as light through a pane of glass, tut that the medium 
itself is the active channel of communication. 

Faraday calls the medium through which induction is pro- 
pagated as air, shell-lac, &&, the dUketria. The relative powers 
of different substances in facilitating induction are also termed 
by bim thetT ipecijic inductm capacities. The following t-ahla 
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\<j Sir W. S. Harris givea the specific indnctive capMities of 
the more important non-conducting Bnbatanoes, taking that of 
air as imity: Air, 1-00; reain, 177; pitch, 180; bees-was, 
1-86 ; glass, 190 ; Bulphnr, 1-93 ; ehell-lac, 1-85, All gases, 
whether simple or compoimd, have the same inductive 
capacity', and this is not affected hj temperature or density. 

Faraday, having proved that induction always has a 
dielectric, ruj^otet the partielts or ■maieoaUs of the diehctric 
to be conductors insulated from each other. Each particle 
becomes polarised like the cylinders in fig. 35. The particles 
in the immediate neighboarhood of the charged body become 
polarised by ita immediate action ; they a^in act on particles 
nert them, and so oil When the polarised particles of air or 
other dielectric come upon a large insulated conductor, they 
each exert their polaiiaing influence on it, and the sum <^ 
their tiny influences gives its polarity. The conductor itself 
acta as if it were a huge molecule, and transnuts the polarity 
to the particles beyond it. If we can suppose the ball in fig, 
35 smiounded on all sides by a series of insulated polarised 
(flinders, we have an idea of the condition of the myriads of 
karisl partidea which, according to Faraday, surround it. The 
iiiferent strata of air transmit their polarity to each other with- 
out lose, just as the pails do in article 9S. The row of haK- 
ihaded circles between A and PP gives an idea of the state of 
one straight row of aerial particles in this condition ; those at 
the edge shew bow the induction may turn a comer. The 
shaded halves are +, ttie tuuhaded — , and the half-abaded 
part of PP neutraL 

Faraday generalises further. He considers that the par- 
Heia of a coTiductor are polarised eatcily in the same icay 
as thou o/ air or other non-eonductor, the only difference 
hang that the particUs of a tonductor can cowmvaiicale theiT 
sleclrieitita to each other much more readily than those of a 
mm-cofidiiCtor. The gist of Faraday's theory is to reduce the 
action that we see on a lai^e scale in insulated conductors to 
a eimiluc action on the part of molecules, that what wo see in 
the mass really takes place in the molecule. The molecules 
ri matter are thus situated to each other much in the soma 
^^k U the series of cylinJcts, fig. 35. If the cylinden are 




I; toachin^ Uie seriea may be called conductangj if iti 
from ea<^h other, noD-conductiiig ; and it maj hsrs i ' 
of cooductian or Doa-condnctiaQ. according to &e 
ia of the cjlisders from each other. Similady, 
ie molecule! of a bodj, from some cause or other, 
aie welt insulaled from each other, the body is noQ- 
conductiiig ; when they are ecucely, if at all, insulated, 
coQdncting. 7^ ready eommiUHcatKm btiween catUigvoiu 
partieUt eonslituUt amdiKlion, and the difficiUt commwaealion 
mon-c&itdtietion. 

33. EUctnc or induUivt force Dnty Iraveb. — If the view we 
have taken of induction be correct, the cylinders (fig-. 35) 
diechaige the electricity of the charged ball into the ground, 
not hy ita electricity passing through them, but by their 
giTing out opposite electricitiea to the cylinder or ball 
next them; so each particle, becoming first polaiised, dis- 
chaigea hy giving off ita opposite electricities to the par- 
ticlea next it. Electric force appears first to polarise and 
then to diachaige ; firat to develop in each particle the two 
electricities, and then, when powerful enough, to cause these to 
disappear hy contact orsomething equivalent Nothing passes 
from particla to particle but the inductive force, each partida 
bemg the seat of the two electricities, and its points of contact of 
their disappearance, and each possessing the inherent property 
of being polarised, polarising and dischai^g as often as the 
electric force acts on it The molecules of conductors, from 
some peculiar condition which Faraday does not attempt to 
theorise on, are easily polarised, and as easily discharge ; those 
of non-conductois, from an opposite cause, offer considerable 
resistance to both. In the case of the cylinders the condition 
of discharge is not altered when they are near each other, 
and when they ore further awoy, only a greater force is necee- 
ftaty to effect polarisation and discharge in the latter tlian in 
the fonner case. In conductors and non-oonductora in the 
same way the action is precisely ahke, only it takes a mach 
greater force to produce polarity and discharge in the latt«r 
than in the former. A force, for instance, that would merely 
polarity in a non-conductor, might be more than 
icient to effect discharge in a conductor. According to 
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Faraday's theory, as iiiterpreted hy the view we have ukeu ot 
indaction, conductiaa hegine whete indoctioii ends ; or rather, 
petliaps, is the completion of it. Induction deals with the 
polaiiaiiig, coaduction with the discbaigiiig eihilutiaa of 
electric force. 

34, There are numeroos eviden 
tors ajui non-conductors are the sam 
degree. When the inner and ou 
coatings of a charged Leyden jar are 
connected by a long wire, which near 
the coatings is bent towards itself to 
within a fourth of an inch, as shewn 
in fig. 38, the greater portion of the 
discharge, instead of passing through 
the long wire, the conree of which is 
cat off by a dotted Una in the figure, 
leaps across at the bend E ; the pro- 
portion being greater the nearer the 
wire 13 at the bend, and the longer 
the conrae of the wire. Here the electricity finds a abort 
course of the non-conducting air a better conductor than a 
long one gf the conducting wire. 

35. Effecti of Diseharge, — We have found that insnlated 
bodies, when sufficiently influenced by electricity, like the 
pith-ball of the electric pendulum, are attracted and repelled 
at charge or discharge. If the partidea of matter are more or 
less insulated conductors, we shonld eipect to find Bometbing 
similar in them. This we actually do, for mechanical action 
or heat, the equivalent of mechanical action, is always developed 
by discharge. Non-conductors shew this most, as their particles 
offer the greatest resistance to dischaige. When discharge takes 
place through air in the form of a spark, there is always a com- 
motion of the aerial particles, and leat is developed ; and when 
discharge takes place through glass, the material in the path 
of the discharge is broken into fr^ments or ground to powder, 
Eyen. good conductors eiMbit the same. When a large 
omonnt of electricity is made to paaa instantaneously throi^h 
a thin wire of metal, the wire is made red hot, and Bometimcs 
erea vaporised. The small iium.bet oi fee siis£aBEsm>{, 
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I '^parttclea bave more work thnn ihej can aceompl 
I .time, and consequentlj act as if non-conducting. 

36. Eleclrie QuaTitUy and Tension are t«naB leased 
f ««Bumptioa that dectricity is a fluid. Quantity is the 
p of the fluid that a hody contaius oe its charge, and the 

t any point on its Buiface (iusulated electricity lies on '- 
ilface) is the depth — or if the depth remain the son 
isity (Qer, duJUigkeit) — of the fluid at that point 
Ifuid may he bo diEposed on a, hody as to he deeper, or d 

s point than another, and it frequently happens thrtj 
1 the quantity of a chaxge he BmoU, ita tension, on a 
■limited Burface, may he very great. Without the fluid theoiyj 
we may arrive at a correct view of these terms. K I rah, Bay 
six. inches of a glass tube, I produce a certain qnanti^ of ele&- 
■ trie force ; if I rub twelve inches of the same to the sanri 
amount, I double the quantity. If I rub the first six inehM 
more energetically, I may give it twice the power it had 
before, and then the original quantity would he again doubled. 
In this last case the particles of air immediately touching Ih* 
glass would be polarised twice as much as in the first two 
cases, the tension of the excited particles of glass is nov 
doubled. The quantity has reference to the number of p(B- 
tides electrified, and the amount of force lodged in esich ; 
the teuaion has reference simply to the inductive force lodged 
in each. It is possible, as wc shall afterwards find, to concen- ' 
trate the force of many molecules on a few, the tension of 
the latter being as much greater than that of the former, bs 
their number ie leas. Particles that arc highly electrified 
must polarise powerfully the particles near them, and if powK- 
ful enough, cause discharge. Tension, therefore, is the power 
to polarise end efiect discharge. (See also page 271.) 

37. Induction propagates itself in the diTecfion where it hai 
I &t least reiislancs to encounter. If we supposed the rov of 
r polarised particles between A and PP (uninsulated), fig. 37, 

to he those of a conducting wire, discharge instantly takes 
place. The partdclea instantly give off their electricities to 
each other, and the two terminal particles discharge theil 
<^ter balves, one on the ball, the other on the plate. The dis- , 
diaige takes place as if there were no other particles concerned 
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I than the terminal ones, -whieli are in opposite atafes. K llio 
ire inEulated, discliarge wotild ta^e place only in the 
', leaving tKe two terminal halves ready for disrimrgu 
I vhen occasion offers. lasTikted conductoi-a thus only shew 
■ idwtiicity on their outer snrfacea, and in thb line of action 
RlfJiy, when the wire touches both, does dischaige take 
ft Htmg it 1 The electric force of the hall can act on the 
in the wire. The particles of air offer considerable 
1 to polarisation, those of the nire almost none. 
I Bectricity here, like all other forces, acta in the path of leaat 
I Ksittiince, the path most fitToutable to its action. If the 
I fcility of communication between molecnlea were more nearly 
eqnol in the air and in the wire, the inductive action would be 
I liirected in the proportion of that facility to each ; but seeing 
that the facUily offered hy the latter is indefinitely superior 
to that of the former, the whole of the action is diverted from 
the air into the wire. This facility immediately leads to dis- 
charge and electric quiescence. 

We have already seen that the shorter the paasoge the fewer 
are the particles to be acted upon, and the eaeier is it to etit 
on them ; that even a short non-conductor poHsesses to a certain 
e^Hent conducting properties (fig. 38), whilst even a long 
conductor becomes non-conducting. The portion of the air 
between A and FF being a shorter passage to tjie ground 
than any other is consequently better conducting, and the 
action of the boll i9 more exerted through that channel than 
through any other. The tension of the electricity on A is 
greater towoids PP than on, any other side. If PP were cir- 
cular, and extended nearly all round A, the whole of its 
surface could become equally active ; and if A were charged in 
these (urcnrastancoa, it woidd receive a much greater chaige 
than when nothing but air was near it. This we find experi- 
mentally to be the case. The Leyden jar and condenser are 
illurtrations of it Tlie charge, therefore, that a body reedves 
itaheayi in propoTtiou to the faeilities it offers for indiKlion. 
If a body is so idtuated that it has nothing to act on, it receives 
no chai]^ or has uo electTO-atatic capacity. 

38, ikscharge iayina where the Tension is greatest, — When 
A and FP are brought so near that a spoit ■^oasea \«,\,"Nft'». 
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them, it is likely that the discharge ftret b^:in3 at A, sad 
eitends to PP. Tlie raaaon is this. The linea of polarised 
particles expand from A to PP, PP having the iarger enrfitce. 
The tension of the particles at the plate and at the ball is 
greater than in the middle, for the inductive action, acting on 
curve lines, can bring in there a larger number of molecnlei 
than at the ball or plate. The lines of polarised particles 
widen out in the middle. At the ball, the number of moleouln 
is moat restricted, and tlie tension there is highest. They then 
will first be forced to be conducting, or to form eleotrioaUy 
part of the ball, the cha^e is thus pushed forward tovrards the 
plate, and the inductive lines are contracted towards it, Ths 
charge is again pushed forward, and a f\irther contraction takea 
place until it reaches the plate. If both bodies had the 
size and shape, the tension being greatest at the ends and least 
in the middle, the apark would start aimultaneouely &ori 
each. The following experimental illustrationa shew that 
when the tension is the same at both terminations, the spark 
or discharge flret begins at the tenninationa. Wheatstone's 
experiment (GO), afterwards detailed, shews that the discharge 
of a Leyden jar proceeds from both coatings at once, and ends 
in the middle. Electric discharge is so momentary in good 
conductors, that it is impossible, except by such contriyancea 
as Wheatstone's, to determine the order of discharge. In 
solid non-conductors, where the discharge is necessarily much 
slower, we can trace it better. Matteneci placed together several 
leaves of mica between two metal plates in the manner of a 
Lefden jar, and kept the arrangement chained for some time. 
On taking the whole to pieces, he found the laminse next the 
oppositely charged platea charged with the electricity of the 
plates, while those in the middle were without charge. The 
discharge, which had only partially taken place, began 
simultaneously at each end. Mica here acted as a slow con- 
ductor. The residual chai^ in a Leyden jar (49) arises from 
the electricities having penetrated eo far into the glass. 

We have hitherto taken no notice of the — E that, for 
instance, is said to be lost in the ground when glass is charged 
positively. Now it may be lost, and the — E induced by 
tUo glass on surrounding conductors may be new — £ 
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induceii by it. But it ia also possible, nay even probable, 
that this — E is none otUer than the — E eaid to be lost. 
If this be the case, the ground acts aa oiuch on the gloss 
Ikt the glass on the ground, and the action is precisely the 
■ame as in a galvanic circuit, vhere tlie pnladsution pro- 
ceeds in opposite ways, in tiro opposite directions, tlie action 
of the one strengtheoing the action of the other. However, it 
makes no practical difference, aud it is simpler to suppose the 
^ted body to be the one centre of force. 
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39. Effect of Extended SuTface.—W& might Uke it almost as 
B self-evident truth, that the greater the Burface over which 
electricity is diffused, the less is its power or tension at any 
particnJar poinl^ and ao we are taught by ejperiment. When 
two equal balls are insulated, and a charge is given to one of 
them, and then conunnnicated to the other by contact with 
the first, it is found that both equoUy divide the charge, but 
that the tension of the electricity of each is one half of that 
of the originally charged ball. When a watch guard-chain is 
charged and laid on the plate of an electroscope by means of 
a ghuB rod, the gold leaves diverge most when the chain lies 
in a heap on the plate ; and aa it is lifted up, >the leaves 
approach each other, shewing that as the exposed surface of 
the chain increases, the electric tension of each part diminishes. 
We are thus taught that a large surface feebly electriHed ia 
equivalent to a small suriace highly charged with electricity. 
Thie con be accounted for by the theory of induction in the 
following way. It is assumed that electricity places itself 
where it can best propagate polarisation through the particles 
of the dielectric. In the case of the two balls, as each offered 
the same facility for induction, there was no distinction 
electrically between them, and an equal distribution necessarily 
look place. The polarising force, however unaltered in 
amount, having twice the number of dielectric molecules to 
ut upon, con only effect half the amoAint of polarity in each. 
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The same method of explanation may be adopted in aH such 
cases. 

40. Electricity found only on the outer gwface. — Experiment 
teaches us that electricity is exhibited only on the suifaces of 
conductors ; this is shewn by the apparatus represented in fig. 
39. A brass^all is suspended by a silk thread, and covered 
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Fig. 99. 



with two hemispherical surfaces of brass, which are held by 
insulating handles, and which exactly fit it. A chaige is then 
communicated to the ball so compounded. When the hemi- 
spheres are withdrawn, they are found to take away all the 
electricity with them, not the slightest charge being left in the 
balL The same fact is exhibited by a hollow ball placed on a 
glass pillar with a hole in the top large enough to admit a 

proof plane to the inside. 
When charged, not the faintest 
evidence of electricity is found 
on the inner surface, however 
thin the material of the ball 
may be. The edge of the hole 
should in this experiment be 
rounded at the edge, or 
covered with a ring of shell- 
lac, to prevent it discharging 
into the proof plane. The 
thinnest metal plate, when under induction, shews opposite 
electricities on its two faces. No electricity is found on the 
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inner aurfaces oE two gold leaves divei^ug nmier the taaie 
cliarge. JPoradaf attodied a conical bag of eotbui game 
to an inmlated ring (fig. 40), and held it distendei] bj a 
silk thread attached to the apex. On charging it be found, 
by the proof plane, the charge to be whoUj on the outade, 
and no electricitj whatarer v/aa found in the inmde. 
By pulling the sUk thread the other way, the hag ww 
tamed inside out The electricity hereupon changed aita, 
and lay wholly again on the outside. We team from theae 
and numerous other experiments, that declricily u (mly found 
on the outer surfacii of eondiiclori iji an envelope of inappneiable 
ihiekneu. 

Thia fact is quite in keeping with the theory of induction, 
for the polarisation which a charged body exerts cannot be 
propagated towards its interior, which cannot poisibly offer 
the coneaponding opposite electricity, to complete the chain, 
and the outward polarisation can be manifestly best exerted on 
tlie very exterior, if we may aae the phrase. That facility for 
induction determines the position of the charge, may be shewn 
by putting an uninsulated ball inside the cotton net {£g. 40), 
when the electrici^ will partially shift inside the net. See 
also the explanation given at the beginning of article 37 of the 
action of the molecnles of a conductor nnder induction. 

41, Effect of PoHlion and Shape. — We are also taught by 
experiment that the diatributioa of electricity on the snr&ca 
of insulated conductors is influenced materially by their form. 
An electrified boll, for example, exhibits the same tension on 
every part ; and ihi' we should expect, for there is no point 
par excelUnce where induction is facilitated. This, however, ia 
not always the cose, for when a conductor is brought near 
enough to the ball, the distribution is disturbed, being greatest 
towards the disturbing body, and leaat on the side away &om 
it. If induction were propagated from the ball in the same 
wsy that light emanatea from a candle, we should expect that 
the opposite electricity developed on adjoining surfaces ought 
to be of higher tension than on those more remote, in the 
ume way that a body held near a candle is more strongly 
illuminated than more distant objects. The candle, however, 
does not shew itself brighter on the sidt ntisX live iiam t^J-^w^ 
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—the distribution of its hiightneaa is the same as before. Bnt 
in the electrified ball we have a crowding of electricity towards 
tba shortest dielectric channel (37). It is to this concentra- 
tion of electricity on the aide of the approaching conducWr 
that we owe the electric spark, and it is aanre near the 
Btrihitig or Epnrking distance that this disturbance becomca 
decided. The concentratioiMiT fixing of electricity on the aide 
of the thinnest aad best dielectric is particulaily illustrated ia 
the coudenBer aud Leyden jai, whose action depends upon it ; 
but in these the dielectric must be very thin to mcem 
decided effect 

When u conductor somewhat in the form of a prolate 
spheroid (fig. 41) is charged, and the electric tension 
^^^^^^ of the several parts tested by the proof planej 
it ia found tc be least at the thickest part, 
and to increase tnwarda either end ; and the 
difference is found to be all the greater as 
taoh end becomes more and more pointed. 
It ia found likewise that the electric tension 
on a point ia so p^at with a considerable 
charge as to destroy the dielectric condition 
of the air, the particles of which become 
electrified, and carry by convection, liie so many pith-balls, 
the chaigB of the point to Hurrounding oonductore. When 
a point is turned towards a charged surface, it acts as if the 
surface were almost in conducting connection with it ; and 
when a point is in- a charged surface, it acts as if the aurfcce 
were joined to the ground or neighbouring condnctora by 
semi-conducting wires. A flame also acta as a point. We 
therefore learn that ekctrkUy eoncentrales on pointi and 
pn^ecliom. 

This is quite in accordance with the theory of induction. 
Let us take the case of a metal point presented to a positively 
charged surface. We may suppose its terminal molecules to 
be as shewn in figs. 42 and 43. If they were molecules of ur, 
they would be polarised alike aa shewn in fig. 42, and if we 
suppose them in this condition to be invested with conductii^ 
power, they would act precisely aa the point in queation> 
k^. 43. Tie shaded halves of the molecules are positive. 
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the others negative. The light-shaded circles are 
The halves next the inducing bodj must be negative 
~ — E of the three mole- 
cules would neutraliae the "'-.. 

E of the two in front 
of them, and the — E of 
the two again the H- E of 
me in which the puint 
ends. In order that this 
fchonld he, the two must 

furnish as much + E ae f e 43 ' R« «a- 

the three of — E, and the 

one as much as the tn-o. Conaequently, from the action of 
the conducting particles on each other, the one tnuet ]rield 
as much -|- E as the three, and be polarised three times as 
mncL The effect of the whole three is thus lodj^ed in the one 
(fig. 43) ; and if the point be prominent enough, the effect 
of the whole — surface connected with the point will be 
concentrated in the terminal molecule. The point here ia 
■upposed to be perfect, which we never have in practice, but 
untisarj points approsimate more or leas in their action to it. 
The point so strongly charged will react on the air, and cause 
all the lines of inductive force to concentrate on it. The 
facility with which the molectdes of a conductor communioale 
their electricities one to another is no doubt the reason why 
the distribution of electricity on the surfaces of coaductorti 
H^pean to be that of n highly elastic fluid (31). 



^^ Electrometers and. Electroscopes. 

These words are generally taken as synonymous ; electro- 
KOpes, however, should be applied to the instrumenls which 
give evidence of electrical excitement without giving the 
exact measure of it ; and electrometers to such as shew both. 

4S. Quadrant ElectTometer. — Fig. 44 represents the qvadraiit 
tiectntmeUr. It consists of a conducting-rod, generally of 
boi-wood or brass, with a graduated eettiicvrde attiwhed. 
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above, in the centre of which is a pivot for the rotation of 
« carrying a pith-ball at its outei end. It ia used for 
electricity of high tensioii, such al that of the 
electric machine. When, placed on the prime 
conductor of the machine, the whole becomes 
chafed with + £^ and the ball u repelled 
first by the electricity of the rod, and then by 
that of the prime conductor, the height to 
which it riaea being seen on the semicircle; 
This ia not an electrometer in the strict sense 
of the word, for although it tella na, by the 
straw riaing and falling, when one tension in 
I greater or less than another, it does not tell 
Fig 41 '^ ^y ^^ much, the conditions of its lepnl- 
sioD being too complicated for simple mathema- 
tical expression. It can shew ns, however, by the indicatoT 
standing at the same point, when the electric tension of the 
machine is the same at one time as at another. 

43. The GoU-Uaf Ekctnaeope is the most conTenient instru- 
ment for testing electricity of feeble tension. One of the best 
of its forms is shewn in fig. 45. A glasa ball, about four 
inches in diameter, rests on a brass tripod, 
f and its neck, about an inch in diameter, 

is encloaed by a brass collar fixed with 
shell-lac A brass plate, with a hole of 
one-fourth of an inch in diameter ia the 
middle of it, can be screwed air-tight into 
the collar. Before it is so fitted, a brass 
rod, one-eighth of an inch in diameter, is 
■JlfcWiy fixed by shell-lac or sealing-wax into the 

y^l ^V, ^°^^ '"^ ^^^ middle, bo as to be perfectly 
^*^|JU"~ ^'^ insulated from it. The upper end of the 
I'lg, 13. rod ends in a brass bail, and the lower end 

is filed on each side, to allow of two strips 
of gold-leaf, on inch in lengtli, being attached to it Before 
the plate and leaves are finally fixed, the interior of the ball 
is thoroughly dried, by passing hot dr; ur into it, bo that tha 
ball contains no moistiire to carry away the charge of the 
leaves. When the plate is screwed to the collar, there is no 
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commtini cation between the mcladed and external air, Tlie 
insulation of the leavea is complete, and they keep their 
cliwge, in diy weatlier, for hours togetlier. Wlien the instru- 
inent is used, it may be charged directly, by contact being 
established with the ball and the body whose eteccricity we 
would eiamine, or a char^ may be carried to it by the proof 
]ilane, when the leaves diverge according to the charge com< 
inunicated. When we would ascertain simply the kind of 
electricity with which a body is charged, we proceed in the 
following way. A glass tube is rubbed, and brought into the 
neighbourhood of the brass knob ; the leaves diverge by 
induction, and, when so diverging, the knob ia touched with 
the finger, and the leaves fall to their original position, for 
they are tlien out of the line of action. In this state, — E ii 
fixed by the action of the + E of the tube on the side of the 
knob next it, and the corresponding + E is lost in the gronnd. 
When the finger is removed, the + E is cut off, while the - E 
remains in the knob ; and ita presence ia manifested by the 
leaves diverging permanently after the removal of the lube. 
If, now, a positively electrified body be brought near the 
knob, it draws away the — E from the leaves, and they conse- 
quently fall in ; hut if a negatively electrified body be brought 
near, it Bends the — E more to the leaves, so that they diverge 
further. We are thus enabled to distinguiBh between a + and 
a — charge. But it may be asked, why uot cliaige the elec- 
trometer immediately with the glass ? There are two di£B- 
cnlties in the way of this. If the gloss is powerfully electrified, 
it gives too great a charge ; and if feebly, contact between tliQ 
knob and the gloss cannot be effected, although its electricity 
acts powerfully by induction. We therefore bring the glass 
rod near the electrometer, and when the leaves diverge aulfi- 
ciently, we touch the knob with the finger, and withdraw first 
the finger, then the rod, and the leavea diverge as before. 
For the more delicate use of tlie gold-leaf electroscope, see 

CoTIDENfiEB. 

44. Coulomb's Torsion Balance (fig. 46) has played an 
important part in eiaiuining the laws of electric forces. A 
glass cauister. A, is placed on a wooden irame, and is covered 
ubove by a plate of glass or wood ; in. tke m\4ila ftl tV.^ 
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plate a Tound hole is cut, over wbich is fixed, bjr voodi 
fittinga, a long glass tube, B, having the graduated ' 
circle attached at ita upper end. A circular plate, r 

this rim, closes the upper end of the 
tube i aod when it is tomed round, a 
mark upon it tella the nmnber of 
degreea through which it has been 
moyal. A cocoon tliread or very flnB 
Viire is tied to a book in the centre of 
the lower side of this pUbe, and thence 
descends to the body of the canister. 
It carries below a collar of paper, or 
other light material, in which a needta 
of shell-lac is adjusted, having a disc 
of gilt paper placed veiticaUy, or a 
gilt pith-boll at its one end and a 
interpoise at its other. When tliS 
plate above is moved through anj 
number of degreea, the needle below, 
impelled bj the torsion of the thread, comes to rest at 
the some number on Uie ficaJe below. This last consista 
of a strip of paper divided into degrees,, pasted round 
the cylinder at the same height as the neralle. In the 
cover of the canister there is another opening, for tin 
admission of a ball insulated at the end of a rod of 
Bhell-lac, and which, when supported by the cover, ta on a 
level with the paper disc of the needle. When the instta- 
ment is adjusted for observation, the mark on the upper 
plate and the paper disc stand each at the zero-points of their- 
respective scales, there being of course no toraion 
thread. The ball is removed, to receive s charge from the' 
body under investigation, and is then placed in the cylinder, 
when the disc is first attracted, then repelled. Suppose that 
the disc be driven 40°, sa shewn by the lower scale, &om tha 
hall, and that the upper plate has to be moved ia the opposite 
direction, through 1>90° of the upper scale, to bring it back to 
10°, the total degree of toraioa is 190° + 10° = 300°. If the 
ball and disc be now discharged, and another charge be given 
ki0 the ball, which requires 250' of torsion to place the disc at 
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10*, we have tKe i^laCiou 200 to 850 aa tliat of the repulsive 
forces of the two diargea, for the amount of torsion in degreei 
ia proportional to the twisting force. Without entering further 
into detail, we may state the two lawa that Coulomb estab- 
lished hy this instrument : The intendtiet of the matiml npul- 
tion or atlrcKtion of tiao invariabU qitaniilUi of eUctncity of 
the $am« or different nana, ore in the inverse ratio of the 
tqjiareg of the distance at uAtcA tkete act. Tht ifUmritiet of 
the total repv-ldve or attTOctive action of two eUctrified bodiu 
placed at an invariahU distance, art proportiorMl to the products 
of their electric diargee. The latter law shews that, when two 
different tensions are tested by the proof plane and torsion- 
balance, they are to each other as the square root of the 
obaeiTed forces (ri' repulsion. 



P Electric Machines. 

In the tube of glass and silk rubber we have the embryo of 
the electric machine, viz., a body which, when rubbed, is 
positively electrified, and its rubber negatively. The first 
reqniBite we should eipeot ia a machiine of this nature is a 
large surface, to give a great amount of electricity. But there 
is another already casually referred to : glass being a non- 
cooductor, the electricity formed on its surface has not a 
combined action, so that some arrangement is necessary to 
collect it, and render it avLulable — to act, in fact, as its con- 
ducting reservoir. This portion of ths machine is denominated 
Lbe jirime conductor. The rubbed surface of the electric 
machines is either a cyUnder or plate of glass, hence we dis- 
tingoish them into cylindec machines and plate machines. 
The former, from their more conipact form, are the more 
manageable ; and the latter, from both sides of the glass plate 
Wmg rubbed, are the more powerful forma of the instrument 
46. Plate Machine.— The description of Winter's plate 
machine (fig. 47) will be quite sufficient to shew the general 
requiremeuta and construction of electric machines. It was 
flwigned by Carl Winter of Vienna, aui ita mflvte, oa 'B'3\ «& 
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tliose of some of the best forms of electrical appoiatiu, hare 
been mada widely knoBTi by two well-known Gernum wiak^ 
Miiller's Physik and Frick'a Physikaiitcht Teehnik. The fini 
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machine on this ptinoiple in tliis couutiy waa m^de under the 
nuthor'B auperintendence m 1858. It is one of the best exist- 
ii^ forms of the machine. The glass plate is turned on the 
axis ah, by means of the handle 
e. The longer end of this axil, 
conaiEting of a glass lod, movea 
in the wooden pillar d, and th» 
[ other lesta in the wooden head, 
of the glass pillar e. The plate 
is thus completely iusolated, 
and little loss of its electcicitf 
can take place through its sup- 
ports. The two rubbera, one of 
';/■ 16. which is shewn on the outside, 

in fig. 48, are triangular pieces 
Rrf wood, covered with a padding of one or two layers of 
Baimel, eucloseJ in leather, and tliey present a flat hard 
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surface to the glii«, bo that friction between it and thein 
takes place in every psrt, Tliey are placed in a. wooden 
I'rame on each side of the plate, and the pressure is regulated 
by metal Hprinfp, fixed to the ontaide, between them and 
the frame. Before itse, they are covered with an amalgam of 
mercury, line, and tin, which ia made to adhere with the aid 
of a little grease, and which increases immensely the produc- 
tion of electricity. The Burfaoes of the nibbera are therefore 
conducting, and are made to communicate by strips of tinfoil 
with the negative conductor, f (fig, 47). To prevent the electri- 
ci^ of the glass irom dischai^ng itaelf into the air, before 
reaching the prime conductor, each rubber has a non-conduct- 
ing -wing fastened to it, which is made of several sheets of 
oiled silk, kept together by shell-lac vamisli, beginning at the 
rubber with several, and ending with one or two sheets. 
When the machine is in action, electrical attraction makes 
them adhere to the plate ; bat when it is out of action, they 
may be kept np by a split pin, g. As the plate turns, the 
mbbera are kept in the frame by their ledges, h. The whole 
framework of the rubbers and negative conductor ia supported 
by the short gloss piUar i, so that it can be insulated when 
required. The prime conductor, i, is a brass hall insulated on 
the long glass pillar I, and to prevent the edges of the ball at 
the junction dissipating the electricity, the pillar enters the 
ball by a trumpet-shaped opening. The collection of the 
electricity from the glass is made by a row of points placed in 
the grooves, inside of two wooden rinp, m, m, which are 
attached on each side of the plate to a piece of brass project- 
ing horizontally from the ball of the conductor. The grooves 
are covered with tinfoil, which conveys the collected electri- 
city to the ball, and the points are kept out of the way of 
injury by not projecting beyond the grooves. 

A section of the hall of the prime conductor is shewn in 
fig. 49, There are four openings into it; the lower one for 
the head of the supporting pillar ; the one at the right for tha 
Ittkchment of the collecting apparatus ; the one at the left 
tat the Btalk of a small brass hall ; and the upper one for 
•dnutting the lower end of a laige wooden ring, removable 
Hjleasure. This Iiist forms tho iieculiat fcB.U).i6ii^ia!iRi* 
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machine. It cosjUEta of an iion wire bent into tke ■ 
thewn in the figai«, carefull; covered all tonnid vitk politic ' 
wood, and conununicatiiig by a br-us pin at the foot of tb« 
gtalk on whicb it standi with the pdme conductor. To receive 
the sparks from the machine, an appendage (Eg. 50) tenoed 
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tha Bpark-diawer is proTided. Thia coosiste of a wooden I 
pillar of the same height as the prime condoctor, in tha head 
of which a brass rod slides, with a large flat ball at the one ' 
end and a small ball at the otker. All the fittings of the 
machine are oC wood, no metal being used but for the prime 
aud negative conductors. The loss caused by metal fittings 
in ordinary machines is very considerable. The insulatiog 
pillars should be, if possible, of greeu glass, which, from the 
absence of lead, is less conducting than flint glass. It ia 
desirable, likewise, to cover them with sheU-lac varniah, 
which prevents the forination of a conducting layer of moisture 
Du them from the atmosphere. On using the machine, it ia 
first necessary to connect the negative conductor by a wire or 
chain with the groimd. As the plate ia turned, — E ifl 
developed on the rubbers, and led to the negative conductor ; 
and + E is formed on the glass, which is collected by the 
points, and transferred to the prime conductor. If the 
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tte^atiTe conductor were uMulatai, the electricities of botli 
conductora, beiitg of oppodte names, and eqoal in amoout, 
would «ct iaducUvely oa each other, so that the + E of the 
prime conductor would be to a coajideiable extent bottnd bf 
the — E of the other conductor. When the latter is connected 
with the groond, its electric teusioa is no higher than is doe 
to the indnctive action caused hj the prime conductor, which 
at the distance is not great, bo that the electricity of the prime 
conductor is free to throw it^lf on the objects presented to it. 
To leasen this attraction, and at the same tune to insoie the 
instilation of the + £, both conductors ate placed aa hx 
apart as poaaible, the distance in Winter's machine being 
nearlj the diameter of the plate. K — E is wanted, the 
n^ative conductor is inBolated, and the prime condnctor 
connected with the ground, when aparks of — E are giren off 
by the negative conductor. 

4B. IH*raptive Dischargi in Air. Spark, bnuh, glow (¥i. ilia- 
e4tU, ai^tU, Iumit; Gct. Fntiie, Biltchel, QlimTnm). — The term 
JisruptiTe dischaige is applied to all caaes where discharge ia 
attended with a dismption of the particles of the dielectric. The 
varioOB forms of disruptive discharge through air can be well 
seen with Winter's machine. The ne^tive conductor being 
connected with the ground, with a two-foot plate, we maj 
observe them in the foliowing order. On turning the plate 
once or twice, a faint siiapping sound is heard, and, when the 
Tgom ia darkened, a flickering spark ia seen to be thrown out 
from the two-inch ball projecting &om the prime conductor, 
which has the form of a bush, without leaver with trunk, 
branches, and twigs, about ten inchus in height. This is one 
form of what is called the brush discharge. Its geneml 
direction is horizontal, or not much inclined from it, but it 
tums to the hand or other flat conductor brought near it. If 
it be received on a ball, its various branches concentrate on it. 
If (he brush proceed from the end of a brass rod, instead of 
from a ball, it becomes very mnoh diminished in size, and 
resembles a brush of feathers. The brush discharge, though 
»pp4Mntly continuous, has been found by Wheatstone to 
UQust of a series of successive brashes. 

When discharge is effected from a point, a a^^ ix q\Q^B i^ 
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light marks its termination, while strong cmreiitB of eir pro- 1 
ceed from it, which arc strong enough to blow away thai 
flame of & candle. These currents accompanj' more ol 
less the vnrions forms of the brush dischai^e. The par- 
ticles of air thus carry away the chai^ from a point 
to eurrminding conductor, and hence a point is said to 
discharge itself by convection. The glow is more readily 
got, and becomes much more extended in rarefied fur. 
A tall receiver, with a ball above connected with the 
machine, and a boll below connected with the ground, when, 
exhausted, presents the appearance of a pillar of flicker- 
ing mauve-coloured flame. When a vacuum tube (that is, a 
tube exhausted of air, with platinum wires hermetically filed 
in its ends) is held near the machine, flashes of hght pa«i 
tbrongh it, and continue to pass at intervals even after the 
machine has ceased to act. The flickering light thus produced 
bears a striking resemblance to the aurora borealis. No 
sound accompanies the glow. If we coimect the brass ro4 
of the spark-drawer with the ground, or the negative con- 
ductor, and bring the fiat bail opposite to the small ball on 
the prime conductor, straight brilliant sporfo, each sounding 
like the crack of a, whip, pass between them so long as the 
distance does not much exceed two inches. Beyond that 
distance, the sparks become somewhat crooked, and at 
about four inches, the dischaige begins to take the fonn 
of a brush. If, now, the ring be placed jn the conduotoil 
the sparks i^ain pass with readiuess, and the brush doe» 
not again take place till the ball of the spark-drawer is 
deven or twelve inclies offi The long sparks thus obtained 
with the £ud of the ring are decidedly crooked or forked, 
with strongly-marked lateral branches, which become sU 
the more marked as they lengthen. It would thus seem that 
the spark has a tendency to break up into branches, Whe*' 
the striking distance is small, this is not so perceptible ; it 
then straight and its branches scarcely observable. As th* 
distance increases, it is crooked with well-marked o%hootB l\ 
and when the distance is too great, it splits up entirdy 
a bush or brush. 
The function of the ring of Winter's machine is therefore to 
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increase enormously the length of the eiiark. This ivoukl 
stieiD ta arise in the follawing way : Quantity as well as bij(h 
tension of electricity is requisite for the long spark. Without 
the ring, the electricity collected on the prime canductar 
uanceutratcs on the projecting ball, but it cannot gather 
strength enongli to make a fall dischaxge into the neogbbour- 
ing spark-drawer, for before the quantity is sufficient, the 
tension of the electricity on the small ball has pushed the 
polarisation of the molecules of tur to their utmost, and a 
partial or overflow discharge ia the form of a brush ensues. 
When the ring is added, from its thinness nod prominent 
poaitUtii, it direri^ the electricity into it ; and before the 
tenmoa of the electricity on the small boil again rises to 
diachaii^g point, a large chai^ is accumnlated in tbe com- 
poimd conductor, whirh finds full vent in a powerful and 
concentiiited spark. The wooden envelope appears to act to 
the core as the oiled silk to tbe plate ; it prevents discharge 
inlo the all. The influence of the large flat ball of tbe spark- 
drawei is of importance ; it concentrates, from, its size, the 
inductive action of the charge on itself, and &om its flatness, 
it cannot hasten a premature discharge. Long sparks do not 
necessarily imply a very powerful machine, but they guarantee 
good production of electricity, and an insulatioa so periect 
that no power ia squandered. For the genendity of electric 
eiperiments, sparks of one or two inches are amply sufficient. 
These, Winter'a machine gives readily without the ring ; and 
when occafdonally long sparks are wanted, the extension of 
the prime conductor can be added without iuoonvenienee. It 
might be supposed that while the long sparks pass, the machine 
works more powerfully than at other times i but snch is not 
the cose, for the long spark occurs only occasionally, and the 
ehort one almost incessantly. All the forms of disruptive 
discharge are accompanied with the peculiar ekctric odour 
which arises from the production of ozone, a peculiar modifi- 
cation of oxygen. 

47. Cylind/T Madiina. — Fig. 51 represents a cylinder 
nutchine. A is the glass cylinder, E the negative conductor, 
insulated on a glass pillar, D, which can be adjusted by the 
screw, M, in the sole of the instrument. The rubber is 




nlUulied to the negative conductor, and the flap of oile 
eilk, KK, to the rubber; G ia the prime conductor, inaulaMd 
on the glass piUar H ; B,B 
are the wooden etandadlt 
la wliich the axis of the 
cjlinder works. The rest of 
the machine is euffidentljr 
explained by the figure. 

1. Erfenments vnth tht 
Ekctric Machine.— To iOiu- 
tmle AtlToeHon and Evpat- 
*Mw.— A wooden head with 
hojr on it ia fixed to a metal 
and placed on 
' machine. As soon aa 
machiue begins to wo:^ the 
hairs stand on eud aput 
from each other. When the band is placed above the haiia 
thus excited, tliey converge and cling to it. The hiara 
being -|- and the bond — , attraction takes place between 
them. Between two bodies, one electrified and the other 
connected with the ground, there must alwa;^ be attrac- 
tion. The electric dance (lig. 53) ia another illnstratian. 

tThe plttte E ia hung 
rn Q Qn ^^y connected with 

I I 1 machine ; CD stands ( 

i ^^^E^3^^ insulating pillar AB. Below B 

I ^^^^^gfl0w lies the uninsulated plat« F. 

I (^"^S Kth figures are placed o 

■ l.^-(^ uninsulated plate. TThen the 

gl^H^h^^ machine ia turned, the two 
^^^^^e**^ plates are oppositely electrified, 
^ Tl and the pili figuroa are alter- 

^ ' ^ U S "'^'■^^y attracted and repelled by 
jiJ^am^'^^^m each. They keep thus dancing 
'6i=i«' ^—^^ between the two so long as tha 
jijg_ ja, machine acts, or until they leap 

away under the excitement. Thfl 
lame thing is shewn when the upper and lower plates form 
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the end of a glass cylinder four or five inches in height, and 
pith-balls placed inside instead of figures. The halls are 
kept in continuous upward and downward motion between 
the plates, and, like the figures, discharge convectively the 
upper plate. A great many electric toys are constructed on 
this principle. Among them may be mentioned the eleUric 
dUmeSy where bells himg by silk threads, are kept striking 
alternately bells connected with the machine, and others 
connected with the ground. 

Tlie effect of Points and Flames, — When the machine is in 
action, and sparks of several inches in length are passing, they 
instantly cease when a sharp metal point held in the hand is 
presented to the machine within a few feet of it. If a pointed 
rod be placed on the machine, no spark can be got from the 
prime conductor ; powerful currents of air proceed from the 
point sufficiently powerful to turn a small wheel furnished 
with paper vanes, or to blow away the flame of a candle. 
Persons standing near the machine, feel as if cobwebs were on 
the face, arising from the charge being disseminated by the 
point. The reaction of the air on points can be made to move 
the points themselves. This is generally shewn by taking a 
wire pointed at both ends, and bending it so that its points 
are at right angles to it and on opposite sides of it, and pois- 
ing the whole on a point on the machine. When the machine 
is in action, the points are driven backwards, and the wire 
revolves on the principle of a reaction wheeL In the dark, 
the points describe a luminous ring from the glow at them. 

When the flame of a candle is held near the machine it 
acts like a point ; if uninsulated, it acts more decidedly than 
when insulated. In the latter case, it appears to point towards 
the machine and out from it, acting like a double point — one 
discharging the machine, the other discharging the flame into 
the air. 

The heat of the spark is shewn by holding a spoonful of 
ether below the small projecting ball so as to receive a spark 
from it. The spark instantly kindles the ether. 

Communication of Electricity, — Conductive. — A person stand- 
ing on an insulating stool (that is, a stool witla. ^aaa\e^^,VvJiJa. 
one hand on the machine, can with the other aeiA «^ttxVa \ft 
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everything and everybody about him. In this position he 
can light with his finger a jet of gas or kindle ether. Induc- 
tive, — The most extraordinary experiment that can be per- 
formed with Winter's machine, is the lighting of a gas-jet 
by a person wholly unconnected with the machine, and 
standing some eight or ten feet from it If the person so 
situated holds the blade of a knife or other point over the 
gas-burner, at a distance only short of touching, at each long 
spark from the machine, a small spark passes between the 
blade and the burner, and this ignites the gas. The reason is 
as follows : The body of the person in question is electrified 
negatively by the extensive prime conductor of the machine 
acting inductively. When the spark passes, the ring is dis- 
charged, and its inductive power for the moment ceases, and 
the negative electricity of his body, now no longer attracted 
by it, returns to the ground, and taking the easiest route 
causes the spark in question. This is quite similar to what is 
known in thunderstorms as the hack-stroke (Fr. choc en retour; 
Ger. RUckschlag). A person in a prominent position, under a 
highly-charged cloud, experiences a violent, sometimes fatal 
shock at the same time as a flash of lightning, although the 
flash was not at all near him. 

The physiological effect of the spark may be felt by aiiy one 
holding the back of his hand near the machine so as to get a 
spark from it A ten-inch spark from Winter's machine 
produces a stinging sensation accompanied by a nervous 
twitching, and this may be felt by a dozen persons at once, 
joined hand in hand, the first presenting his free hand to the 
machine, and the last having his free hand connected with 
the ground or negative conductor. The last, however, receives 
a less shock than the first, because since each person is badly 
insulated on leather soles, more or less moist, so much 
electricity descends to the ground as it passes through eacL 
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Bound Electricity. 
49. Lajden Jar (Fr. BmiteilU de Lfjde; Ger. Leydner 
Flaeche). — This ia a glaaa jar (fig. 53), with a coating of 
tinfoil pasted carefully inside and out, extending to witliiu 
a few inches of the mouth- This lost ia 
(feneiallyclosedbya wooden stopper, through 
which poaaes the etalk of a hraBs knob or boll, ' 
surmounting tie whole. The connection 
between the inside coating and the ball ia ; 
completed bv a chain cxtenduig from the ! 
stalk to the bottom of the jar. If this jar be 
put DU an insulating stool, so that eporks can. 
pass from the prime conductor of a machine I 
to the knob, when the jar is thus insulated, 
one or two sparks pass, and then the chai^^e 
Keema complete, for no more sparks will follow, fhough the 
action of the machine ia continued ; or if they do, they aru 
immediately dissipated from the knob in a brush discharge. 
If then, however, the knuckle of the esperinienter be brought 
near the outer coating, sparks begin agaiu to pass freely ; and 
for every spark that posses between, the machine and tlie 
knob, a liniilar spark passes between the knuckle and outer 
coating. This continues for some time, and then the jar 
appears to be again saturated. It is now said to be fully 
charged. The outside of the jar can, in this state, be handled 
freely, and if it be still on the insulating stool, so may also 
the knob, although, when the hand firat approaches, i 
a Blight spark. But if, when the experimenter has 
OB the outer coating, he bring ■ 
other band to the knob, before it i 
reach it, a straight, highly brilliatit 
epark passes betweeii the knob and hia 
hand, and he experiences a shock of 
great violence. If he try the same thing 
again, a feeble BpB.rk and shock again 
ensue, and the jar ia now thoroughly ^'' '*' 

discharged. As it is highly inconTenient, if no*, 4BB%eTi 
iisiJuirge the jar through the body, discharging tortgi i. 
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54) are used for that purpose, whicli consist of two liroaa amii 
EDdiug in balls, and moved on a hinge by glass bandies. 

The following account may be given of the action of Iho 
jar : When a spark paseea between the conductor and ths 
knob, the + E tbereby communicated to the inner coating 
induccB polarity in surrontiding conduclora, the — E being 
turned towards it, Prom the knob, it can act upon a wide 
but distant range of conductors, tlirough the aii aa the dielec- 
tric ; and through the glass aa dielectricj it can act upon the 
outer coating. Now, as the outer coating is very much nearei 
than other conductors, and as glass is a better dielectric tiuv 
air, by far the most important direction of induction, when , 
the jar is uninsulated, is through the glass. We have, there- 
fore, the electricity given to the knob and inner coating 
divided, as it were, into two inducing charges — one to the 
further conductors, and the other to the outer coating. The for- 
mer of these we may call the fcee charge, as it acts in the nsnal 
way through the air ; and the latter, the bound charge, for it 
has a special conductor and dielectric Electricity, which, 
from peculiar inductive facilities, acts only in one direction, 
ia called Jwed, hotiiid, or diigwUed electricity (Fi. iUUrietit 
ditiwumUe, Ger. gebundene EkctricaUit), When the jar is 
insulated, we find that after one or two sparks it refuses to 
take more. This comes from the outer coating refusing to be 
further polarised, or, which is the same thing, the insulated 
electricity can more easily transmit polarisation to aurround- 
ing conductors through the knob than by means of the -|- E 
induced on the outer side of the outer coating. When, how- 
ever, the outer coating is connected with the ground, either 
' by spark or contact, the polarisation can reach its final ter- 
mination, the ground, much more easily through the thin 
sheet of glass than through the air, so that every spark that 
the jar now receives goes, for the most part, to the bound 
charge, and a small fraction only to the free charge. What 
goes to the bound charge must have a corresponding — K on 
the outside coating ; and for every amount of — E thus fixed ' 
on the outer coating, a corresponding amount of -1- E must be 
seat from the outer coating, either silently, when ia contact, 
u by flpark, when nearly so, into the ground ; and what goes 
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to the free cliarge has its — E imperceptibly induced in 
Burrounding condnctors. Tlie jar thua receivea rather more 
+ E inside than — E outside ; the latter, howerer, being by 
fivr tlie largest portion of the total — E induced. After a few 
more turns of the pkte, a second limit ie reached, and the 
sparfca refuse again either to tinTel or to be retained. This 
arises from the air offering an easier channel for induction, 
than the glass, the particles of which now offer more resist- 
ance to further polarisation than those of air to a disruptive 
discharge. The thiuner the jar is, the loagi't must it he before 
thia state of things ensues, for the greater then is the facility 
for induction offered by tlie glass, and the leas therefore will 
Burrounding conductors acting through the air come into 
oompetitioa. with the outer coating. The charge which the 
inner coating can receive is in proportion to the facility it has 
for induction. The thinner the glass, therefore, the greater 
will be its charge, and the less the proportion of the free to 
the bound charge. If the glass could be made of indefiaitB 
thinness, so as to offer perfect facility for induction, other con- 
ductors would not then come into competition with the outer 
coating. The free charge could not then exist, and there 
would he no limit to the charge which the jar could receive. 
Practically, however, there is a hmit to the thinness of the 
jar, because when the particles of the glass become too highly 
polarised, they discharge into each other disruplively, for as the 
glass gets thinner the polarisBtioa of its particles rises higher ; 
and when it ia too thin, the polarisation rises higher than the 
cohesion of its particles can bear, and a disniptive dischaige 
takes place through it. Stich a spontaneoas discharge some- 
times occurs with oidinary jars at their thinnest part ; and as 
the Nocture which it tiiere causes in its passage makes the 
jar naelesa, it is naual not to charge a jar to saturation. The 
beau ideal of a Lejden jar would be one whose dielectric was 
perfectly insulating, and yet offered no resistance to the 
propi^tion of polaiily among its particles, a condition mani- 
featiy nnattainable. According to Wheatstone, the ammaU 
of eUetridtiJ vhich a jar can receive, provided it be of uniform 
thicknms, ii proportional to the coated surface, and invernly 
propvrtional to the sqttare of the thickness of the slass. 
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The two charges are hound by mutual attraction to each 
Bide of the glass ; hut if lioth coatinga could he siiuultaneoiiBlyc 
removed, aa ill the condenser, eacE would give Btiiking; 
evidence of its high electric teneion. The outside coating can 
he touched without shock, for the — E is neit the f(lasB, and 
the + E has been lost in the ground, of which the outer' 
Biuface of the coating, an well as tlie hand, fonns a part. Tbt 
inner coating, or its representative knob, may not be touched 
while the jar h uninsulated, for the discharge of the twO' 
coatings would be effected through the ground and body. 
When it is insulated, it may be touched, after, however,', 
receiving a small spark, arising partly from the discharge of, 
the free charge. The outer coating becomes here the insulated 
or charging coating, which must always have more electricity- 
than it binds on the other coating ; for although the otha 
coating offers the greatest facility for induction, surrounding 
conductors still offer some facility, and divert some of the 
charging electricity aa a free chaige on them. Consequently 
the spark got from the knob is partially made up of the fre« 
+ E already there, and partially from, the + E set free by i, 
.corresponding amount of — E being set free in the outer, noWi 
(the chai^yig coating. When now we touch the outer coating' 
■ ft — spark is got from it, and when we again touch the kuol^ 
a-+ spark ; and thus, while the jar is insulated by touching 
alternately the knob and the outer coating, we gradually 
discharge it. A toy, called the electric spider, prettOy illuW 
trates this action. A ball connected with the outer coating iv 
placed at the distance of one or two inches from the knoll 
of the jar which ia iasulated, and a piece of pith made up scf 
resemble a spider is hung by a silk thread between. Ths' 
ipider keeps moving between the two balls, under the influence 
of the electricities alternately liberated from each coating. 

When we wish to discharge the jar with the tongs, we placai. 
one ball on the outer coating, and bring the other ronnd to 
the knob, when the disohaiging spark takes place. The length- 
of this spark is many times longer than the thickness of tha 
1, which shews that a discharge takes place more eaiily' 
through the air than through a glass plate of much interior 
thickness. On bringing the ball of the tongs, after the fitrt 
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discharge, ncoret to the knob, a feeble ttcondary discharge 
follows, arising from tKe eleotxioity which, under the mtenee 
action, had penetrated the glass, in the endeavour to force a 
conducting passage through it, being partially left in it. It ia 
to this state of conductioii into which the surfaces of the gloss 
are forced, that we may attribute the fact, that the charge 
uppeara to lodge mora on the glass than on the coalings, the 
latter merely seiving to aid in giving completion to their 
nenii-cond noting state. Thia ia usually illustrated by a jar 
with movable coatings, which, when chained, can be taken to 
pieoM. The jar being insulated, the inner coating is first 
removed, then the jar ia lifted from the outer coating. Both 
coatings being completely dischai^ed, the whole is again put 
up, and a dischat^ of very considerable power is obtained. 

A series of insulated jara can be charged simultaneously 
with the same chaise. They are arranged so that the knob of 
the first jar ia connected with the machine, and its outer 
coating with the knob of the second. The outer coating of the 
Kcood is in the same manner connected with the knob of the 
third, and so on, the last outer coating being connected with 
the ground. The whole ia discharged by bringing the knob 
of the first in connection with the outer coating of the last. 
This ia called the charge by tascade. The outer coating of 
one jar, and the inner coating of the next, is placed in the 
same circumstances as each of the eyhndera (fig. 35), only they 
ire separated by glass instead of air irom the next in the 
ieries, and from the extent of surface and proximity of each, 
liey are polarised much more powerfully. 

For great power, large surfaces are neeeasaiy. This can be 
obtained either by constructing a large jar or by uniting 
iereial small jars together, ao as to act as one. The latter 
method is preferable, as we caa vary the surface according to 
the stmibeT of jara employed. A combination of small jars 
united together as one is called an electric battery. A very 
convenient form of electric battery is shewn in fig. 55. The 
knobs of each jar conuuunicate with a large central one by 
meoiu of aims of brass moving on hinges, and the outer coat- 
ings are put in conducting connection, by being placed on an 
"ated stool covered with tinfuiL The interior coatings 
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are oonvenientiy charged by a long projecting arm from llio 
centtnl knob, and the eiterior ones by connecting the alool 
with the knob of the unit jar, or by a wire with the gronnd. 
Any jar can be tlirown out of action by throwing back its arm. 




With respect to tba striking distaiKe, or that tJuongll 

I which the air-dischai^e takes place, it has been found that it 

'i proportional to the amount of the dtarge, and invendf 

frop^tional to tJie extent of the coating!. Thua, when a jf 

I'ls half cliBTgcd, the striking distance is half what it ia with 

I &11 charge ; and to keep the same striking distance for a jai til 

twice the size, a double charge is necessary. The amount of tha 

cliarge is correctly enough known by the number of tumfl of 

the plate of the machine. When great accuracy is wanted, tie 

outer coating of the insulated jar or battery ia made to spatk 

into the knob of a small jar, whose outer coating is connected 

with the ground. A ball connected with the outer coating of ths 

"' r is fised so near the knob, that when charged the jnl 

discharges itseU. Each disdiarge of tbe small jar measures so 

nmcli electricity fixed on the large jar ] such a measx 

"dated a unit jar. The action of the unit jar shewsuii 
[ tiiat a amall surface frequently discharged, is equivalent to K 
laige surface once discharged. 
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Experi/menU with the Leyden Jar or Battery. — By discharg- 
ing the Leyden jar or electric hattery through particular 
channels, we obtain some beautiful illustrations of the 
power of electricity. When the discharge is effected through 
thin wires of gold or platinum, the heat accompanying 
its passage is so great as to dissipate them in vapour. The 
expansion of the air caused by the spark is shewn by the 
electric rnortar. This is a wooden mortar with two wires 
entering air-tight at the opposite sides of the breach, with a 
small wooden ball fitting closely in the muzzle. The spark 
passing between these wires in discharge causes a sufficient 
expansion of the air within the mortar to drive the baU to 
some distance off. When the discharge is made through 
gunpowder, it tosses the grains violently about, but causes no 
ignition ; when, however, it is retarded by introducing an 
imperfect conductor, such as a wet string, into the circuit, the 
gunpowder is fired. When the discharge is made through 
glass by two points pressing against its opposite surfaces, a 
small hole is drilled into the glass. To assist in such experi- 
ments, the universal discharger (fig. 56) is used. This consists 




Fig. 56. 

of two arms of brass mounted on glass pillars, so that their 
position and distance can be easily adjusted, and of a small 
movable table placed between them, the whole resting on a 
wooden foot. When the discharge of a Leyden jar is made 
through a number of individuals, each receives an equally 
powerful shock. The want of insulation here does not cause 
a loss as when they receive a spark from the machine, for the 
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electricities of tlie two coatings liave eacli other^ not the 
ground, for their final termination. 

50. Velocity of Electric Discharge,— The rapidity with 
which electric discharge takes place is so great, that we 
might well despair of reaching any definite information about 
it. Wheatstone, by means of a revolving mirror, determined 
its rate of propagation in certain circumstances. A small 
mirror was made to revolve fifty times a second, and the 
reflection of the electric spark was observed in it. Any one 
who takes a mirror in his hand and makes it revolve, sees 
that objects are apparently displaced by it, and it admits of 
an easy geometrical demonstration, that the reflected image 
describes an angle the double of that of the mirror. li^ while the 
small mirror rotates at this rate, the image of a spark should 
shew a displacement of 90°, we know that the mirror has 
moved through 45°, and the time during which this takes 
place is -^^ of -^ = ^^ of a second. If the duration of the 
spark, then, had been ^^ of a second, we should have seen 
its image move through 90°. The eye, however, during this 
time would not have been able to discern any difference 
between the beginning and the end of the spark, so that the 
90^ would have appeared as one arc of light. Examined in 
this way, however, the spark of a machine and of a Leyden 
jar were seen as if the mirror had been at rest. Thus analysed 
with an apparatus where a duration of g^^^^ part of a second 
would have shewn an arc of 1°, the electric spark appears 

instantaneous. The discharge of a 

1 r I Leyden jar through a long wire is 

\^ ^ j not so instantaneous. Wheatstone*s 

a^ 01 3^ U CO fi ' method of finding this was as fol- 
lows: Six balls (fig. 57) were 
arranged in pairs, each pair being 
quite near the other. The ball 2 was 
Fig. 67. connected with 3 by a copper wire a 

quarter of a mile in length, so were 
also 4 and 5— the dotted lines in the figure marking simply 
the connection. When discharge took place, the electri- 
city of the inner coating was communicated to 1, and of the 
outer coating to 6. Supposing charge to travel from the 
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Fig. 58. 



inner to the outer coating, it would proceed from 1 to 2 l>y 

spark, then by the long copper wire to 3, by 

spark to 3, by the other long wire to 5, and by 

spark to 6. To the eye, the three sparks seemed 

simultaneous. In the mirror, however, they 

presented the appearance of three arcs of equal 

lei^h, the middle one rather behind the others 

(fig. 68). In this instance, the mirror revolved 

800 times a second, and the retardation of the middle line 

was about J®. The time, therefore, taken by the discharge 

to travel £rom 2 to 3, or 5 to 4, a quarter of a mile, was 

:^ X -7^:^ = ^rTT;r-;t:r;r oi a second, which corresponds to 
360 800 1,152,000 ^ ^ 

288,000 miles per second ; greater than the velocity of light, 
which is only 194,000 miles per second. In the same manner, 
it was calculated from the lengths of the arcs, which were 24°, 
that the duration of each spark was ^lioo ^^ ^ second. It 
thus appeared that the discharge was a successive one, not, 
at least, as instantaneous as through a short conductor. This 
prodigious velocity is only that of discharge, not that of 
electric action. The fact of both side-sparks occurring at the 
same instant, shews that induction must 
have been fcdly established along the 
whole line before discharge took place. 
One would imagine, from the dual nature 
of electric force, that the velocity of induc- 
tion must be indefinitely great. 

51. CondemeTf the apparatus used in 
conjunction with an electrometer to 
increase its sensibility, and render it 
available for indicating the presence of 
very feeble electricity. A condenser of the 
simplest form is shewn in the accompany- 
ing fig, 69. A is a gold-leaf electrometer. 
The condensing apparatus consists of the 
two brass plates B and C, which are placed 
horizontally, the lower one being connected 
with the metal rod to which the gold leaves are attached, 
and the upper one being provided with an insulating glass 




Fig. 59. 
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handle. These plates are accurately ground, the one to the 
other, 80 that when placed upon each, other they touch in 
every part Their inner surfaces are covered with a very 
thin and equable layer of shell-lac. When an observation is 
made, the excited body is brought into contact mth the 
lower plate, and the finger of the observer is laid upon 
the upper. This being done for a sufficient time, the fiiiger 
13 first removed, and then the excited body, after which the 
plate, 0, is lifted by its handle parallel to the other plate, 
the gold leaves at t^e same time diverging under the infla- 
ence of the electricity left in the lower plate. The same 
observation might have been made with the positions of the 
finger and the excited body reversed, but the leaves would 
then be charged with the opposite electricity to that of the 
excited body. Reverting to the first case, the electricity to be 
tested is communicated to the lower plate in small successive 
charges, which, acting through the thin layer of shell-lac, 
induce, as in the Leyden jar, a corresponding charge of the 
opposite electricity oo. ,the lower surface of the upper plate^ 
and send the similar electricity of the upper plate through the 
finger into the ground. Each weak charge of electricity given 
to the lower plate is not allowed to dissipate, but is kept fixed 
or bound by the corresponding charge of the opposite elec- 
tricity which it has induced on the upper plate, so that an 
accumulation of such charges takes place. As yet, however, 
there is no excitement visible in the gold leaves, the electri- 
city so condensed in the plate B being capable of acting only 
in one direction — ^viz., towards the charge of the upper plate. 
When, however, the plate C is removed, the collected elec- 
tricity of the lower plate being no longer restrained to act 
towards it, immediately extends to the leaves below, and 
causes a marked divergence. In this manner, electricity of 
too low a tension to affect immediately the gold leaves can be 
condensed, so as to possess the power of doing so. 

It is found that the efficiency of the condenser depends 
upon the accurate grinding of the plates, the thinness and 
evenness of the layer of shell-lac with which their inner sur- 
faces are varnished, the size of the plates, and their parallelism 
on removal. This last is of the utmost importance ; and it is 
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fbund, where numerical results are wanted, that little depeuJ- 
euce cou be placed oii the pamllelism attained l>y the h^tid. 
For more accurate obaervationa, the condenser ia made quite 
separate from the electrometei'. The plates ore in this case 
attached vertically to two wooden pillara, on which they are 
iiuulated, and which slide in a hoiizoutal groove made in the 
sole of the instmnient. The plates, thus guided by the 
groove^ are made to approach and to retire bom each other 
frith their faces paralleL In a condensec of this description, 
no ehell-Iac vamiah ia nsed, the air between the plates aotiny 
w the dielectric in its place. When one of the plates is con- 
nected with the fcnob of the electrometer, the obaeiratiou 
pcoceeds as already detailed. 

62. Mectrophorua, — This generally coaaists of a tin mould 
Wei with sbell-kc, oud a movable metal cover, with a glass 
hiudle, as shewn in fig. 60, The 
"lioll-lacis poured in when melted, 
Biid it is mixed with some other 
tnbstance, to make it less brittle, 
five parts of shell-lac, one of 
"MT, and one of Venice turpen- 
tine, ia given as a good mixture. 
Viien iised, the siirface of the 
^J^ of shell-lac is smartly beaten 
^S^ 1 cat's fur or foxtail. The t 
^^ni JB then put on, and touched 1) 
^Hn the finger, which r 
^^yit spark of — E, just before 
contact takes place ; and after 

Ihe finger is removed, the cover, when lifted by its insulating 
itaadle, gives a brisk spark of + E to anything presented 
lo it. This can be repeated for several minutes without 
tnj apparent exhaustion of the source of electricity ; and in dry 
weather, sparks can be got in this way hours, and frequently 
d»ya, after the cake baa been beaten. 

The action of the electrophoms may be thus accounted for. 
When the surlace of the cake of shell-Iae is beaten, the 
triction eicitea — E on it. This acts inductively all round, 
but the tin mould being the nearest conductor, and ahell-lao 
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a good dielectric, the induction becomes concentrated on it, 
+ £ becoming fixed on the side next the shell-lac, and 
-. £ being sent to the ground. The — E of the upper 
surface of the shell-lac is thus fixed by the + E of the mould. 
AVhen the cover is put on the cake, the contact between the 
two is not sufficient to allow the latter to communicate its 
charge to the former. The cover is thus acted on inductively, 
not conductively. The — E of the cake, then, has the choioe 
of two channels for its induction, either through the cake to 
the mould, or through a veiy thin film of air to the coyeL 
The latter, from its offering so short a passage through the 
dielectric, has the preference, and the inductive action of tiie 
charge is diverted from the mould to the cover, and the + £ 
on the other side of the cfike is for the time liberated and lost 
in the ground. The cover being strongly polarised, + E is 
induced and fixed on its lower sutCbu^, and — E on its upper, 
this last being transmitted to the ground by the finger. When 
the finger is withdrawn, and then the cover, the + E of the 
latter is free to discharge itself by spark, and inductive action 
again takes the direction of the mould, once more attracting 
-I- E to it. K the cover be lifted off without being touched, 
no spark can be got from it, as both induced electricities 
again unite. The induced polarity of the cover is attended 
with no loss to the charge of the shell-lac, which can thus 
continue to act with the same efficiency. The loss of elec- 
tricity that all charged bodies experience in air, and especially 
when moist, at length discharges the cake, but this takes 
place all the less readily, that when the electricity is not 
needed to act on the cover, it is kept bound by the -f- E 
induced by it in the mould. In order that the + E of the 
mould should have liberty, so to speak, to come and go, the 
electrophorus must not be insulated ; and when it is so, the 
action on the cover is feeble, if at all perceptible. 
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Atmospheric Electricity. 



53. Lightning (Fr. fclair, Ger. Bliti). — Franklin was the first 
to cstablieh the identity of the lightning of the heavens iritli 
the electric spark. By his famous kite eiperiment, he aaoer- 
buDed that the thunder-claud assumes au electric condition 
pretaeely eimilar to that of the conductor of an electric 
machiite, and that the Bame mechiiiiical and luntinouB effects 
tie common, though in a different degree to both. Clouds 
chsiged with electricity are called thunder-clouds, and are 
eauly knowu by theii peculiarly dark and dense appearance. 
lie height of thunder-douds is very variona : sometimes they 
hare been seen as high as 25,700 feet, and a thunder-cloud is 
reoorded whoae height was only 89 feet above the ground. 
Accoiding to Arago, there are three kinds of lightning, which 
he namea lightning of the first, second, and third classes. 
Ijghtning of the flrat class ia familiarly known as forked- 
lightning (Ft. iclair en zig-zag). It appears aa a broken Une 
of light, dense, thin, and well defined at the edges. Occa- 
uomdly when darting between the clouds and the earth, it 
breaks np near the latter into two or three forks, and is then 
railed bifurcate or trifurcate. The terminations of these 
branches are sometimes several thousand feet from each other. 
On several occasions, the length of forked-lightning has been 
tried to ba got at trigonometrioally, and the result gave a 
Ungth of several miles. Lightning of the second class ia what 
a commonly called sheet^lightning (Ger. Flachtnbliiz). It has 
no definita form, but seema to be a great mass of light. It 
hu not the intensity of lightning of tlie first class, Some- 
liiiiei it is tinged decidedly red, at other times, blue or violet. 
When it occurs behind a cloud, it lights op ita outline only. 
Oecanimally, it illumines the world of clouds, and appeara 
to come forth from the heart of them. Sheet-lightning ia 
Toy much more frequent than forked-lightning. Lightning 
rf tte third kind is called ball-lightning (Fr. globei de fea, 
^tBa-KofgcStlits). This so-caUed lightning describes, perhaps, 
^^^Hfca meteor, which, on rare occasions, accompanies electtio 
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discharge, or lightning proper, than a phenomenon in itself 
electric It is said to occur in thiB way: After a violent 
explosion of lightning, a ball is seen to proceed from the 
region of the explosion, and to make its way to the earth in 
a curved line like a bomb. When it reaches the ground, it 
either splits up at once, and disappears, or it rebounds like an 
elastic ball several times before doing so. It is described as 
being veiy dangerous, readily setting fire to the building on 
which it alights ; and a lightning-conductor is no protection 
against it. Ball-lightning lasts for several seconds, and, in 
this respect, differs very widely from lightning of the first and 
second classes, which are, in the strictest sense, momentary. 

The thimder (Fr. tonnerre, Qer. Donner) which accompanies 
lightning, as well as the snap attending the electric spark, has 
not yet been satisfactorily accounted for. Both, no doubt, 
arise from a commotion of the air brought about by the 
passage of electricity ; but it is difficult to understand how 
it takes place. Suppose this difficulty cleared, there still 
remains the prolonged rolling of the thunder, and its strange 
rising and falling to account for. The echoes sent between 
the clouds and the earth, or between objects on the earth's 
surface, may explain this to some extent, but not fully. A 
person in the immediate neighbourhood of a flash of light- 
ning hears only one sharp report, which is peculiarly sharp 
when an object is struck by it A person at . a distance hears 
the same report as a prolonged peal, and persons in difiEerent 
situations hear it each in a different way. This may be so 
far explained. The path of the lightning may be reckoned 
at one or two miles in length, and each point of the path is 
the origin of a separate sound. Suppose, for the sake of 
simplicity, that the path is a straight line, a person at the 
extremity of this line must hear a prolonged report; for 
though the sound originating at each point of the path is 
produced at the same instant, it is some time before the sound 
coming from the more distant points of the line reaches the 
ear. A person near the middle of the line hears the whole 
less prolonged, because he is more equidistant from the differ- 
ent parts of it Each listener in this way hears a different 
- ^^J^ according to the position, lie &\aiida m mth reference to 
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&e line, 'On this supposition, however, tUundec ought to 
begin at its loudest, and grsduallj' die away, hecsuae the 
Boond comes first from the nearest points, and then from 
points more and Diore distant. Such, however, it is well 
known, ia not the case. Distant thunder at the beginning ia 
jaat audible, and no more ; then it gradually swells into a 
crashing sound, and again grows fainter, till it ceasea. The 
nse and fall are not continnous, for the whole peal appears 
to be made up of several successive peids, which rise and fall 
as the whole. Some have attempted to account for this 
modulation from the forked fonn of the lightning, which, 
makes so many difTeient centres of sound, at diiferent angles 
with each other, the waves coming &om which interfere with 
each other, at one time moving in opposite directions, and 
obliterating the sound, al another in the some way, and then 
strengthening the sound, produced by each. Thunder has 
never been heard more than li miles from the flash. Tha 
report of artUleiy has been heard at much greater distances. 
It is said that the cannonading at the battle of Waterloo ws» 
heard at the town of Cred, in the north of France, about 115 
miles fiom the field. 

64. Ordinary Weather. — The attention that was first directed 
Ly Franklin's discovery to the atmospheric electricity, as dis- 
played in the thunder-cloud, hna since then been extended to 
the electrical condition of the air in all the different states of 
the weather. It is now found that the air is sensibly elec- 
trical not only when the sky ia overcast with thunder-clouds, 
but when the weather is clear, or when no thunder-clouds are 
present The observations of atmospheric electricity, in the 
latter circumstanees, aro made by means of very delicate elec- 
troscopes. These instraments are constructed for being used 
etther alone in the open air, or in a room, in conjunction with 
tn apparatus on the roof of the house for collecting the else- 
Iridly, The following are some of the results derived from 
these observationB : When the sky is clear and free from 

i doads, the atmospheric electricity is always positive, and an 
electroscope exposed to the action of the air is charged with 

I +E On the other hand tha electricity of the ground is 
tiiiml to be — , This was shewn iu a very ing-iuioun way by 
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Volta, who, bj catching the fine epraj of a foftntadn on Hm 
pkte of a straw electroscope, found the straws to diyerge with 
the — E communicated to them by the water, which was 
necessarily of the same character as that of the ground. It 
is from this fact that electroscopes, or the collecting appaiatas 
connected with them, must not be overtopped bj the neigh- 
bouring trees or buildings, the -^ E of which materially 
affects the indications given, and it is due to the same &xX 
that no atmospheric electricity is discovered in the middle of 
a wood, or in a room, however high the ceiling. Under a 
clear sky, the tension of the i^moepheric electricity is found 
to increase as we ascend, the lower aerial strata being less 
electrical than the higher. Becqtierel proved this by a simple 
experiment on the plateau of Mount St Bernard. On a piece 
of oiled silk he placed a silk thread, covered with tinse^ one 
end of which, terminated by a ring, was connected with the 
rod of a straw electroscope, and the other end was tied to an 
arrow armed with a metal point. When the arrow was shot 
horizontally, the straws shewed no divergence ; but when the 
arrow was shot upwards, they opened as it ascended, and 
diverged most when the arrow, in ascending, disengaged the 
ring from the rod of the electroscope. The same fact is shewn 
in the following way: When a very delicate electroscope \b 
adjusted for any particular position, it will, when elevated a 
few feet above that position, give indication of -h E, and when 
placed a few feet below, it will be charged negatively. In clear 
weather, likewise, the atmospheric electricity is found to be 
subject to certain daily periodical variations, and appears to 
have two maxima and two minima in the course of twentj- 
four hours. The first maximum takes place a short time after 
sunrise, and the second shortly after sunset ; the first TniniTnuTn 
shortly before sunrise, and the second in the afternoon, when 
the heat of the day is greatest. The cause of these periodical 
changes is attributed to the formation and condensation of 
watery vapour in the atmosphere ; shortly after sunrise, a vast 
quantity of vapour rises into the lower stratum of the air, and 
acting as a conductor, transmits the electricity of the higher 
strata towards the surface of the earth, giving rise to the first 
maximum, As the heat oi the day in&i^a&es^ the air becomes 
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less nad less maist, and loses, in coneequence, its conducting 
power, 80 that when the atmoeptere is hottest end driest, tHe 
afCemooEL minimimi takes place. After eunaet, a rapid con^ 
densation occura, and the lower strata are once more chaiged 
witk moisture, which causes a second maximum at the b^in- 
ning of night. Before snnrise, the deposition of dew becomes 
greatest, so that the + £ of the lower strata is transmitted 
to the soil, causing a minimum at that time. It seems to 
hold generally that anything which t«nds to increase the 
conducting power of the lower strata, such aa watery 
vapour in a viaihle form, increases at the same time the 
atmosplieric electricity, and hejjce it is that in time of mist 
the electrical tension is higher than in clear weather. It may 
also be attributed to ike same fact that the atmospheric. elec- 
tricity is greatest in January, and least iu June, tlie former 
month being cold and misty, and the latter warm and clear. 
In cloudy weather, the electroscope is affected sometimes poai- 
tively, sometimes negatively, and is generally less influenced 
than in clear weather. The electricity of rain, anow, hail, Ac, 
is sometimes positive, sometimes negative. La Stuttgart, for 
was found in the couree of a year that the rain 
71 times positive to 69 times negative, and the snow 24 
» positive to 6 times negative. 

" « cause of atmospheriE electricity has given rise to muolt 
1 among meteoiologiBta, and as yet no theory has 
n piopoBed which satisfactorijy accounts for it. According 
illet's theory, the electricity developed in evaporation 
I vegetation Is a sufficient caase for the + £ of the 
'l the vapours and gases evolved in these prooesaei 
g charged positively, the eoil and plants, on the other 
i, negatively. This opinion is combated by more recent 
Olwrrers, such as Riess and Beich, who, after a series of 
careful experiments, give it as their opinion that if such, be 
ths cause of atmospheric electricity, the fact is wholly without 
eiperimjentol data. Lamont maintains that the air itself is 
Dot electrical, and is not capable either of conduutitig or of 
Rtaining electricity, and tJiat the phenomenon of atmospheriji 
•Iwtricity is due to the induction arising from the — E q|[ 
"KflUtb, which he considers to be pernmuenL 
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SO ci8 t»reitdei perfect the conducting connection of the parts. 
The difficnlty of constructing such a rod has led generally to 
the adoption of simple rods of iron, or copper, whose points 
are gilt, to keep them from becoming blunt by oiidation. It 
is of the ntmoat importance that the upper extremity of the 
rod Ghoald end in a sharp point, becauEe the eharper the 
point the more is the electrical action of the conductor limited 
to the point, and diverted from the rest of the conductor. 
There ia thus less danger of the electricity sparking from the 
conductor at the aide of the building into the building itaelE 
Were the quantity of the electricity of the clouds not so 
enormona, the pointed rod would preYent a lightning-discharge 
altogether ; but even oa it ia, the violence of the lightning- 
diHchai^ is considerably lessened by the silent discharging- 
power of the point pievioualy taking place. According to 
Eisenlohr, a conical tod, 8 feet in height, oi^bt to have a 
diameter at ita haae of 13.3 lines, and one of 30 feet a diameter 
of 26.6 lines. 

The part of the ligbtning-conduetor forming the connection 
between the rod and the ground, is generally a prismatic or 
cylindrical rod of iron (the latter being preferable), or a strap 
of copper ; sometimes a rope of iron or copper wire ia used. 
Iron, wire improves aa a conductor when electric cunents 
pass through it ; copper wire, iu the same circumstances, 
becomes Imttle. An iron rope is ranch better, therefore, for 
conducting than a copper one. Galvanised iron ia, of all 
mat^ials, the beat for conductors. The conducting-rod ought 
to be properly connected with the conical rod either by 
riveting or soldering or both. Here, aa at every point of 
juncture, the utmost care must be taken that there ia no 
break in the conduction. The conducting-rod ia led along 
the roof, and down the outside of the walla, and is kept in ita 
position by holdfasts fixed in the building. There must be 
no sharp turns in it, but each bend must be made ea round aa 
possible. Conaiderable discussion has arisen as to the proper 
thickness for the conducting-rod. If it were loo small, it 
would only conduct part of the electricity, and leave the 
bnUding to conduct the rest, and it might \ie meWRi ^yJ *&.«, 
electricii7 endeavoaiiDg to force a paaaage Qsiom^ '*. iia «a. 



iiiEulficient conductor. Tlie Paris Comraiasion, which rat ia 
1623, gave the m'TJiniii aectlan of an iioa conductor 
Bquare of 15 nillimttrea (about ftha of an inch) in aidc^ and 
lliis they conaidered quite aofficient in all oircumstanoe 
rod of copper would need to be only ^tha of thia, as copper 
conducts electricity about aii times more readily thna 
Thifl calculation ia very generally followed in practice 
leading the conductor along the building, it should be kept 
as much apart aa X'O^'ble from maeaea of conducting matter 
about the bnilding, auch as iron beama, machinery, &c. These 
may fonu a broken chain of conductors communicatiug with 
the ground, and divert a portion of the electricity from tbe 
lightning-conductor. If such took place, then at each ioSM- 
ruption electricity would pase in a viaible and dangerous ynj, 
and the efficacy of the conductor would be lost. U the con- 
ductor cannot be properly insulated from these masse) oC 
metal, the necessary security ia got by putting them in cou- 
uection with the conductor, so aa to form a part of it. Water- 
rung, leaden roofs, and the like, must, fur this reason, all be 
placed in conducting connection with the conductor. 

The portion of the lightning-conductor which ia placed on 
the ground ia no less worthy of attention than the other two. 
Should the lower part of the conductor end in dry earth, it is 
worse than uaeless, for when the lightning, attracted by tha 
prominence and point of the upper rod, strikes it, it finds, in 
all likelihood, no passage through the uuoonducting diy earth, 
and, in conaequence, strikes off to a part of the ground where 
it may easily disperse itself and be lost. Wherever it is prac- 
ticable, a lightning-conductor should end in a well or large 
body of water. Water ia a good conductor, and having 
various ramiflt:ationa in the soil, offers the best facility to the 
electricity to become dispersed and harmless in the ground. 
The rod, on reaching the ground, should be led down a foot 
and a half, or two feet, into the aoil, and then turned away at 
right angles to the wall from the building in a horizontal 
drain filled with charcoal, for about from 12 to 18 feet, and 
then turned into the well so far that its termination is littla 
likely to be left dry, Where a well cannot be made, a hole 
» B inches wide (wider if possible) should be bored, from 9 to 
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16 feet, the rod placed in the middle of it, and the interveuiiig 
iface closely packed with freshly-heated charcoal. The cliar- 
eoal serrea the douhle purpose of keeping the iioii from 
mating, and of leading away the electricity from the rod into 
the ground. 

Lightning-condactoifi, when conatmcted with, care, have 
been proved beyond a doubt to be a sufficient protection from 
the ravages of lightning. The circle within which a liglit- 
oing-conductor ia found to be ef&cacious, is very limited. Its 
Ridina ia generally assumed to be twice the height of the rod. 
On large buildings, it ia therefore necessary to have several 
loda, one on each prominent part of the building, all being 
connected so as to form one conducting system. In ships, a 
rod is placed on every mast, and their connection with the 
sea is established by strips of copper inlaid in the masts, and 
d belovf to the metal of or about the keel. 



Chronology of Prictional Electricity. 

56, Tholes, about 600 B.C., refers in Iiis writings to the fact 
tliat amber, when mbbed, attracts light and dry bodies. Thid 
ma the only electric fact known to the ancients. The science 
rf electricity dates properly irom the year 1600 a.d., when 
Gilbert of Colchester published hia celebrated treatise (33), in 
vhich he gives a list of substances which he found to poa- 

Q the game property as amber, and speculates on magnetic 
and electric forces. He ia the inventor of the word electri- 
ti^, which he derived from the Greek word electron, amber. 
Otto von Guericke, bui^omaeter of Magdebuig, in hia work 
Eeperimtntit Nova Magdehirdica (1672), describes, among his 
Other inventions, the first electric machine ever made, which 
eonsieted of a globe of sulphur turned by a handle, and rubbed 
by a cloth pressed against it by the hand. Hawksbee (1709) 
constmoted a machine in which a glass cylinder, rubbed by 
the dry hand, replaced Guericke's sulphur globe. Grey and 
Vehler (1729) were the Brat to transmit electricity from one 
d to another, and to distinguish bodies into conductors 
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and non-concluctois. Dufay (1733 — 1745) shewed the identity 
of electrica and non-conductors, and of non-electrics ami 
conductors, and wb£ the flret to discover the two kinds oF 
electricity, and the fundamental principle which reguktea 
their actioa Between the years 1733 aod 1744, much atten- 
tion was given Lti Germany to the conBtruction of electric 
mocliinea. Up to tJiis time, notwithstanding the inventioni 
of Guericke and Hawksbee, the glasa tube rubbed by s pieee 
<if cloth which Gilbert first intKiduced, was U9ed in ^ ezperi- 
incuts. Bo^e, a professor at "Wittenberg, taking the hint from 
Hawksbee's machine, employed a, globe of glaaa for his macliine, 
and furnished it with a prime conductor. Winkler, a pro- 
fessor at Leipaic, was the first to use a fixed cushion i 
machine. The Leyden jar was (1746) discovered accidentally 
at Leyden by Muschenbroek ; bnt the hononr of the discoveiy 
has been contested also in favour of Cuneus, a rich bui^ess of 
that town, and Eleist, canon of the cathedral of Camin, in 
Pomerania. Franklin. (1747) shewed the electric conditions of 
the Leyden jar, and (1752) proved the identity of lightning 
and electricity by his famous kite experiment. This last was 
performed with the same object about the Game time, and 
<[nite independently, by Homas of the town of Neiac, in 
France. In 1760, Franklin made the firet lightning-conductor. 
Canton, Wilke, and jEpinus (1753—1759), examined lie 
nature of induction, Rumsden (1708) was the first to con- 
Etmct a plate-machine, and Nairn (1780) a two fluid cylinder- 
machine. The electrophorua waa invented by Volta in 1776, 
and the condenBer by the aaiue electrician in 1782, In 1787, 
Coulomb, by means of his torsion-balance, investigated the 
laws of electric attraction and repulaion. In 1837, Faraday 
published the first of his researches on induction. Amjaa 
in 1840, designed his hvdro-electric machine 



GALVANISM. 

' 57. Galvanism, oc Voltaic EUctricilij, ia that branch, of the 
Kience of electricity which treats of the electric currenta 
arieiug from chemical action, more particularly from that 
attending the disBolution of metals. It is Bometimes called 
Dynamical Mectridty, becausB it deals with ciurent electricity, 
oi electricity in motion, and is thus distinguished from 
Prictioiial Electricity, which ifl called Statical, in consequence 
of ite investigating the electric condition, of bodies in whii;h 
electricity remains insnlated or Btationaiy. These terms, 
although in the main thus property applied, are in all strict- 
ness applicable to both sciences. Frictional electricity, though 
small in quantity, can pass in a sensible current, and galvaniu 
electricity, tliough small in tension, can be made to manifest 
the attractions sid repulsions of statical electricity. Thna 
the series of discharges which are transmitted in a wire con- 
necting the prime conductor of a machine in action with the 
ground, or negative conductor, possesses, though feebly, the 
characteristics of a galvanic current ; and the insulated poles 
of a many-celled galvanic battery, manifest before the current 
begins the electric tension of the friction machine. The other 
sources of cnrrent electricity will bo treated under Miigneto- 
electricity and Thermo-electricity. 



Action of GalvEtnic Pair, or Single Cell. 






68. Galvanio or Voltaic Pair.— When two plates of copper 
and amalgamated zinc (zinc whose surface haa been rubbed 
over with mercaiy) are placed in a vessel (fig. 61) containing 
water to which a small quantity of sulphuric acid haa been 
added, bo long as they are kept from touching, ftifeei ■m'Cii\'a. 
a without the liquid, tiiej remain appaceut.\y vmaStAlwA. "U, 
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necesBory that the wires tw in contact, for if their onJs he put 
into a vessel containiiig a conducting liquid, the Bame changes 
ocenr, thoagh to a diminielied extent, the contact being com- 
pleted through the liquid. The ends of tie wiree, when bo 
inmereed, shew strong chemical affinities. If the condncting 
Bquid were a solution of the sulphate of copper, the wire from 
llie zinc becomes coated with the copper of the solution, whilst 
the other attracts Its oxygen aud sulphuric acid, and wastes 
mij in e:iteriiig into comhinsticm with them. Again, it tha 
mdaof the wires be connected by a small piece of line platinuiQ 
or iron wire, the passage of the current through it will make 
it Kd hot The connecting wires are found, therefore, in 
actual or virtual combination, to possess very marked magnetic, 
ehnnicftl, and heating properties. The arrangement just 
uGaoibed constitutes a galvanic or voltaic pair, which generally 
MOBSts of iico dit^miUir conducting platet immertid ire a liquid 
Wic& acli clumically on <mt of them, when the plaiee are ptU in 
, ^MitKtmg ton-neetion ; and the propertaes just referred to, 
Lfinn the characteristic powers of current electricity, 
t W. EffecU of the Gakanic Pair due ta EUctricity in Currmt. 
I ""These properties arise torn the wires in connection being 
r flow of electricity, for they 
I feeble eitent, by the electricity 
, If the prime conductor of a 
a of the bind- 
vire connected 
p, be filed into the 
jnt of electricity 
I through the coil 
( will then shew a 
iation, so far aa 
t which would be 
1 the copper and 

This would 

bically in the same 

I wndactor of the 

f the conductor is 

1 ae^to*! -, wi 
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tbat in the gftWanic pair the copper plate, by uialo^i 
pivM off + E, and the zinc plate — . Again, let the wii» 
from the nuchine end in an insulated vessel contuning » 
solution of the Eulphate of copper, and let the end of a Gu 
platinum wire connected with Uie ground be made to dip 
below the Burface of the saiaUon, ajid let the machine l« 
kept in action go as to send a current of electricity througli 
the wirea and liquid, at the end of some minates the pomt <f 
the platinum wire will be covered with a minnte quantity ol 
copper. The wire connected with the zinc in the galvsnit 
pair, and that connected with the ground, are thus diewnla 
display the same chemical power ; and this, again, ehew 
that the zinc plate, like the ground in the ahove experiment 
is the seat of — £. The electric condition of the plates beliin 
contact reveals, with the aid of the condenser, the presence ct 
+ E in the copper plate aud — in the zinc plate. If the 
wire joined to the zinc plate he connected with the ground 
and tie inaulated wire connected with the copper he i 
to touch the lower plate of a condenser whilst the fi 
touches the upper, on the finger being first witlidrawn, llaa 
the wire and the upper plate lifted up from the lower, the 
leaves of the electroscope diverge with the + E sent to it faoi 
the copper plate. 

It can be shewn, moreover, that the current is not confined 
to the connecting wire, for if a magnetic needle be suapended 
between the plates when they lie north and south, slightly 
above the surface of the liquid, it will deviate from its ui 
position when the wires are joined, and in the opposite way U 
that which it shews when held above the wire placed in the 
same direction. The current thus passes within the liquid 
from the zinc to the copper the opposite wiy to that in which 
it runs in the connecting wires, so that it malces a complete 
circuit. Hence we may conclude, generally, that in tt< 
galvanic pair a currenl of electricity runs vnlkin the ligy,id fivvi 
llu chemicalln iKtive to ths ekemically pa$sive plate, and vnthovt 
tht lijaid, from, the chemicaUg pasiive ta the chemically aetivt 
plate, making a complete drcuii; and that if the conducting 
connection be interrupted, the pair shews electric polarity at 
the interruption, the chtmically pauivs plate being thtpoiilivt 
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*, and tks chemically active plate the negative pate. With 
pect to tht liquid, however, the chemical active plate it thi 
itim poU, and the chemically passive the negative pole. 
X). The galvanic pair in action exhibits a complete electric 
ala or chain, and constitutea what ia called a galvanic or 
Itaic circuit (Oer. gakanitche Kette). Wien the circuit in- 
^es only one pair or cell, it is called a simple galvaaie einuit, 
ea aaveral joined tc^ether alternately, a coTn/pound galvanic 
eait. The compound circuit will be ti'eated under galvanic 
itery. When the metallic connection between the plates is 
nplete, and the current flowa or circulates, the circuit is 
d to be cUmd (Fr. jermk, Ger. geichlossen) ; when incomplote, 
dtiie corrent stops, opened or interrupted {Fr. iiiterrompu, 
ST. gtoff-Mt). 

6L CiTcmt with two liquids and one metal — We have other 
tjB of producing a simple galvanic circuit than by the 
opbymeut of two metab and one Iic[uid as in the galvanic 
ur. Two liquids and one metal can also produce a circuit. 
M of the best known arrangements of this kind ia Becquerel's 
►called oiygen battery {pile d oxygHe), in wliicli a current is 
foduced by the action of caustic 
[itash on nitric acid — platinum, 

metal acted upon by neither, " 

rming the conducting arc. The 

dl, fig, 63, shews its mode of 

ition. A amall ceU, A, of porous 

irthsnware ia suspended by a 

ira triangle within a gla^ jar, 

S. The porous cell contains a 

ilntion of caustic potash, and 

le gissa jar concentrated nitric 

ad. A plate of platinum, P, ia 

at into each vessel, to which Fig. ti. 

le irires of a galvanometer are 

^taohed. The potash and nitric acid act on each other in 

le walla of the poroos cell, forming saltpetre, and produce 

current lasting steadily for days, which flows irom the 
Otaih to the nitric acid, and from the plate in the nitric 
:iJ through the wires to that in the potash. Oiygen ifl 
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given off at the potash plate. The nitric acid plate is 
the +9 and the potash plate the — pole. A aimilar Tesnlt 
takes place in manj cases when the other soluble bases are 
Bubstituted for potash, and another add for nitric add, the 
current observing the same direction, though differing in 
intensity. Matteucd substituted penta-sulphide of potasdom 
for caustic potash in the inner cell, and put either nitric add 
or chromic add in the outer, and thereby produced a much 
stronger current than in Becquerel's arrangement 

In the preceding circuit, the metal conductor suffers no 
change, and seems to take no part in the action other than 
acting as conductor. In other circuits with two liquids and 
one metal, the metal takes an active part A circuit of thu 
kind may be formed by putting a solution of chloride of 
sodium (common salt) in the inner cell, and one of chloride of 
copper in the outer cell, in place of potash and nitric add, and 
bending a strip of copper so as to dip into both. A weak but 
steady current flows in the same direction as before, attended 
by the corrodon of the end of the strip immersed in the sola- 
tion of chloride of sodium, and a depodtion of crystals of 
copper on the end dipping into the chloride of copper. la 
the former case the action appears to arise from the affinity of 
the base for the acid, and in the present case from the affinity 
of the copper for the chlorine of the common salt Other 
circuits may be mentioned, such as the circuit consisting of 
two metals and two liquids, and also that of two gases, a metal 
and a liquid. The former of these, which is essentially the 
same as that of two metals and one liquid, and the latteri 
which is known as the gas-battery, will be described under the 
various forms of the galvanic battery. 

62. The theory of the action of the gcUvcmie pair may be thus 
given. When the two plates are put into the water and 
sulphuric acid they assume opx>odte electric states. There 
is developed at the surface of the zinc an electric force, 
arising from its affinity for the oxygen of the watex^ 
which throws the whole arrangement into a state of 
polarity. This is roughly shewn in fig. 63. The dne 
plate with its wire becomes polarised, shewing — E at': 
the extremity furthest from the liquid, and + B at 
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:t the liqaid. TIiq copper plaU with* 
' wire if polarised in the opposite -waj, 'being + at itafl 
ilti ead, and — at its end next the liquid. The compound:! 




jletnlea of water (HjO), censiating of one atom of oxygen (0) 
d two of hydrogen (H^) so united aa to play the part of one 
im or molecule (shewn by H in the figure). It appears, 
Worer, to hoTe reference to their compound nature, and we 
17 imagine them placed in series such as the one in the 
are, with their ojygen or - pole towards the zinc, and 
dr hydrogen or + pole towards the copper. The + parts 
djitinguished from the — parts in the figure hy being 
ded. When the ends of the wires are brought near each 
er, we might anticipate in these circmnstonccs that a 
rk discharge, as with frictional eleotridty, would restore 
acenM, This, however, is not the case, for the electric 
rion is ao low that nothing short of contact can effect a dia- 
igc When the discharge thus takei place, the polarity of 
circuit for the instant ceases ; the tendency to union of the 
: with the atom of oxygen next it is completed by the 
nation of the oxide of zinc. But in order to accomplish 
I, the hydrogen of the molecule of water next the zinc thus 
free nnit^ with the oiygen of the neighbouring molecule 
re-tonn water, and the same transference and union is 
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continued along the whole seriee until the hydrogen of the 
molecule next the copper is thrown on the copper, where, 
being unable to unite diemically with it, it assmnee its natoial 
gaseous state. In this way the chemical action, although on^ 
manifested at the plates, is not confined to them, but takoB 
place throughout the liquid between all the contiguous mole* 
cules giving passage to ^e current The oxide of zinc finmed 
on the zinc plate is instantly dissolved by the sulphuric add 
present in the water, leaving the plate as dean as before. 
After the first discharge, therefore, the whole arrangement 
resumes its first condition, so that a second polarisation and 
discharge instantly follows, which is succeeded by a third, and 
so on. An uninterrupted series of discharges, following each 
other with inconceivable rapidity, is thus transmitted along tiie 
completed circuit, constituting what is termed a current of 
electricity. 

For the sake of simplicity, we have here looked upon ti» 
water as the active chemical agent in the galvanic pair. Pnie 
water, no doubt, does produce a current when so placed, but of 
excessively feeble intensity. It is only when sulphuric add 
is added that the current acquires anything like strengtih. 
Hence it is thought more probable that it is the sulphuric 
acid which gives rise to the action, and that the water serves 
to dissolve the sulphate of zinc formed on the zinc plate, both 
water and sulphuric acid being necessary to steady action. 
According to this view, we best understand the action of 
sulphuric acid by considering the mono-hydrated add, 
HjOjSOs, to be H2SO4, composed of a two-atom molecule of 
hydrogen and a molecule of sulphion, SO4, consisting of 
one atom of sulphur and four of oxygen. In the preceding 
diagram, we have only to suppose the simple molecule 
marked to be a compound molecule, SO^ and we have an 
equally simple and more probable view of the action of the 
pair. We may express these views also conveniently by 
equations representing each molecule by its chemical symhoL 
According to the first, before disc harge they would be thus 
arran ged, Zn, OHg Q Ha OH^ OHj, Cu ; after discharge, thns, 
ZnO H2O HjO H2O H2,Cu ; the strokes above shewing how 
tbejr are tmited in each case. Ilc^t^^i^ \a ^^% ^uonnd vieifi 
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before discharg e, Zn, SO^.H, S0;;h7 SO^y, 50^ Cu ; 
after diKhai^e, Zii,S04 H^SO, K^SO, HySO, Hj.Cu. 

63. Somogentitu of tht Cirsuit. — In a wire where a current 
of electricitjr is circulating, there is do point which forms, aa 
in frictional electricity, the seat of + or — E, but it appears 
electricaUj homogeneous throughout. It exerts no statical 
ioductiTe action on surrounding objects ; that is, it has no 
power, like insulated electricity, to attract and repel light 
objects. The wire i:i which the current is passing may be 
handled, and it feels in no way different when the current la 
passing and when it is not. The absence of statical induction, 
however, depends solely on the facility which the wire offers 
t« t^ passage of the electric force aa compared with but- 
rounding media, as is shewn by the leaping acroas of the 
Aictional electricity at the bend of the wire mentioned ia 
article 34, fig. 38. Galvaoio electricity, even from a large bat- 
tery, however, can seldom do this, and except in long telegraphic 
oiicuita, where the resistance ia very great, docilely follows its 
metallic passage, to it by far the easiest. But even in the 
divided cir^t of fig. 3B, If the force passing through the air 
and the long wire be added t<^ether, it will be found exactly 
equal in amount to that passing in the wires before the branch- 
ing takes place. Keturuing to the simple galvanic circuit, 
tre find that it ia capable of manifesting identical powers at 
every point. Its magnetic, chemical, and heating effects ate 
the same wherever it is tested, whether in the wire or, where 
possible, in the liquid. Its power to deflect the magnetic 
needle is throughout the same. If interruptions be made in 
the interpolor wiie at several paints so as to send the current 
through solutiona, say of sulphate of copper, the amount of 
cqiper deposited at each of the breaks ia exactly equal in 
MBOunt And if we connect the several breaks by pieces of 
thin platinum wire, each piece of platinum wire will be 
tsised h> the same temperature. 

64. Polarity of the Oircui!. — Any portion of the circnit, 
eepaiately ccusidered, haa a different pole at each end. When 
one interruption is made, as in fig. 63, the whole, from the 

ET of the wire connected with the copper, xQvmi. Vi 
he wire joined to the iinc, may \>e \oote4 upcn. ba 
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one. It may be shewa by the condensing dectroscope ^1 
that eacli eitremity has an oppoeit« electricity. If we bital 
away any poition of either wire «o aa ta have two bieik 
iantend of one, the piece of wire broken away is oat of till 
circuit altt^ether. However, by dipping the ends of 
wiree at each interruption into a liquid that is decompoaM 
under the current, we have the 
of maklDg two euch inlemipCionl 
^B without destroying the condoctiiij 
coDjtection or stopping the 
3 Fig. 64 shews how this may he doo 
A and B are two vessels filled with 
solution of sulphate of capper (Cii,90^ 
The end of the copper b " 
to the zinc-plate Z of the gnlvmit 
pair CZ dips into A, that from 
copper-plate C dips into B, and 
ends of the wire broken off dip the one into A and the Othef 
into & The circuit it thus closed, la it we have tbrU 
metallic parta marked I, % and 3. The part 1, which 
made up of the zinc-plate ttnd coppcr-wtre, is corroded at ti 
end loarked -i- in the liquid of the galvanic pair, and 
B deposit of copper at the end marked — . The part S 
away at the + end in A, but receives a deposit of copper >l 
the — end in B ; and the part 3 is likewise corroded at the 
end in B, and receives, so to speak, a deposit of hydrogen < 
the — end in the liquid of the pair. Each part nndeigMI 
opposite operations at each end. We know (59) that the 
from the zinc is — , that from the copper + ; and as we 
know the sign of two opposite poles, the others follow 
course. Each + pole is here eaten away, and each — poll 
receives a deposit of copper. Each melollio portion of tU 
circuit has a + pole at the one end and a — pole at the othet 
The polarity of the current we should not expect to he ~ 
same as the polarity of insulated frictionol electricity, fo 
the latter is that tending to discharge, whereaa the former i| 
that attending discharge ; the one is, so to speak, staticalj 
the other dynamical. Yet, in the case of galvanic pdaritfj 
we may trace the existence of something analt^ous to thS 
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■£tton and leptdeion characteristic of statical polarity. 
phuric aeid, as already Btated (62), is made up of a 
-atom molecule of hydrogen (Hj), and a molecule of sulphioa 
'^. Similarly, sulphate of copper (Cu,SO^) is composed 
t molecule of copper (Cu) and one of sulphion (SO^). Tho 
»aion of the + poles arises iu the above circuit to their 
uty or attraction for SO,. They appear to attract ttw 
lecule S0< of the combination Cu,SOj and H^.SO^, and 
wt the Cu and the H^. The — poles have these affini- 
I reversed. If we consider the SO, to be the — ele- 
U of the combination, and H^ and Ca the -|-, which 
Jiot be otherwise, we have like eleetriciliea repelling 
1 nolike electricities attracting, as in fristional or statical 
Btncity. Such beh^ the case, the hq^uid portions of the 
iuitj like the solid, are + at the one end and — at the other, 
; in the reverse way. The circuit, therefore, is made i^ 
onghout of + following — , and — following +. Consider- 
e confusion sometimes arises front speaking of the zinc plata 
It once the + element and — pole, and the copper the — 
sent and + pole of the galvanic pair, and such expressions 
n even inconsistent The truth is, that the zinc and copper 
tea must have each both poles from the very nature of the 
nit ; but as the outer polea only of these plates are of 
:tical importance, these are considered to be the poles. 
re need a mnemonic, the n in zinc, which is almost always 
ciated in the pair as the + element, cannot fail to remind 
list it is the — pole. 

i. Theoretical Vieas of tlie Canent. — According to the one- 
1 theory of electricity, a force is developed at the seat of 
■etion, which has the power of liberating the electric fluid, 
of maintaining it in motion throughout the circuit, con- 
tting a cnmnt in the true sense of the term. According 
lie two-fiuid theory, two auch currents, one of the + 
other of the — fluid, are nuide to move iu opposite 
ctioQS throughont the circuit. Neither of these eiplana- 
■ gives us any assistance in comprehending the current. It 
lore difficult, in fact, to conceive of such currents than to 
ipt, without any explanation, the known characteristics of 
so-called current According to the views taken of the 
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propagation of electric force by molecular action (32 and 33), 
we may consider the molecules of the interpolar wire to be as 
shewn in fig. 65, C being the copper end and Z the zinc end, 

the shaded parts being + and 
the imshaded — . The first 



^^o|-jTjrj^^^ the unshaded — . The first 

^^^^^^^—^S^fyt^ effort of the electric force 
/jr >1 \ developed by the chemical 

/ / \ \ affinity of the zinc for the 

/ / \ \ c or SO4, is to throw all the 

'' I • * molecules of the circuit into 

Fig. 6S. a polar condition, the force 

bdng transmitted from mole- 
cule to molecule in both directions. + and — eleetzicitiee 
appear in each molecule of the circuit ; and if the action be 
powerful enough, discharge takes place throughout the whdfl^ 
each molecule giving out its electricities to those next it^ 
which, throwing out the opposite electricities, produce eleetiie 
quiescence throughout A constant series of such polarisatioM 
and discharges constitutes a current There is thus only • 
transmission of force throughout the circuit, but no transmis- 
sion of the + and — electricities. Each molecule, in &ct, 
may be looked upon as a small galvanic pair, which, by the 
action of electric force, is made to act and discharge somewhat 
like the galvanic pair, which is the seat of the force. Accord- 
ingly, whatever portion of the circuit without the liquid we 
take, such as that in the figure, we find the fsice of the terminal 
molecule next the copper end or pole — ^ and that of the like 
molecule towards the zinc +. Each portion of the drcnit, 
like each molecule of which it is made up, shews opposite 
polarities, and discharges opposite electricities at each end. 
The same holds within the liquid, only the chemical affinity 
that gives rise to the current and the mobility of its molecules, 
causes and permits an interchange of molecules, just as if each 
half of the molecules in fig. 65 were at each discharge joined 
to the succeeding one. This interchange is not possible, even 
were there a tendency to it in the solid part of the circuit 

A cwrrent may he taken to signify^ apart from aU mppO' 
sUion, wmply the peculiar electric condition of the condvetoTy 
u^ich foTTM the Une of discharge het-weea a ^ fsnd a — 
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wurce 0/ electricity. In like manner, when we speak of the 
Erection of the emrent, we only use a convenient way of 
■hewing at which end the + and — electricities ariBe, the 
MTrmt btiTig alway) represented as Tooviitg from the+ to tke — . 
66. Origin of Galvanic Electricity. — It is now generally 
admitted that the eUctro-motive force, or force maintaining 
Ilia conent, in the galvanic pur, ia the ibrce of chemical 
ifinity acting at the zinc plate. It must appear, even to 
the most curaory observer, highly probable that the scat ol 
the most active change going forward in the pair is likewise 
Ihfl seat of ita electric enei^. It is fonnd, moreover, 
nhra we tax the galvanic current with cJectro-chemical or 
djEsaiical work, that the amonnt of work done by it ia exactly 
in^ttionate to the quantity of zinc dissolved These and 
Si^ki considerations eeem to aigue strongly that galvanic 
ution has its eource in chemical action. Yolta, hou-ever, and 
Mnral of the most eminent antboiities in the science, maintain 
>lut Ute electro-motive force has its seat at the suriace of 
raitact of heterogeneous met^, and that chemical action is not 
I ItieiwiEe, but the manifestation of it. This view of the origin 
«F galvanic electricity is called the contact theory, aa diatin- 
gniihed &om the chemical theory, the one we have hitherto 
fcDowed. 

67. The CoTitact Theory supposes that at the surfaces of con- 
tut of two beteiogeneoua substances an electro-motive force, 
iovaiiable in direction and amount, is generated, and subject 
tomodification only by the resistance offered by the conducting 
cirmit The galvanic pair (fig. 61) is accounted for by this 
Iheoiy in the following way. Let us suppose, for the eake of 
wplMiation, that both zinc and copper plates are connected 
by copper wirea. The seat of electro-motive force is at the 
jonction of the copper wire with the zinc. At this point the 
two metals aa^ume opposite electricities, the copper the — , 
ud the zinc the -|- ; and dnce a conducting circuit through 
wires, plates, and liquid is established, these electricitieB 
travel in opposite directionB, and, meeting, neutralise each 
other within the liquid, t« give place to succeeding similar 
ilucharges of electricity. The discharge within the liquid 
lakei place eiectrolytically. The theory is, in this case. 
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■ufieieot and consintent ; but it muat be kept in mind, tli 
circuit BO perfectly bomogeneoua, tlie source of force jai 
placed snywhere nithout altering ita conditions. The ft 
mental evidence of the contact theory conaiata in an ei 
ment like the following : A piece of xinc is made to tone) 
lower brass or copper plate of a condenser, while the ( 
rests on the opper. After the finger and the lino are lemi 
and the upper plate lifted, the gold leaves diveige with - 
Here the mere contact of metals appears to give rise to 
tricitf. The + E of the zinc goes to the gronnd, anc 
— E of the copper is insulated in it, the electro-motive 
originating at the surface, where the copper and zinc ) 
If this eiperiment were capable only of this interpret) 
it would be decisive of the question at issue. It la fi 
however, that in order to succeed well with it the fi 
must be moist, and that no electricity can be obtained 
be conducted in a gaa where no free oiygen is presents 
as nitrogen or carbonic acid. Hence it appears, that 
in the testing expemnent of the contact theory, where 
supposed that contact alone can give any explanation, d 
cal action, arising from the sweat of the Angers and o: 
of the air acting on the zinc, ia present. 

68. Faraday's experimental researches seem to place b« 
dispute the truth of the chemical theory. We shall here i 
two of his many beautiful experiments illustrative o 
subject, which are of themselves quite convincing. 
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IOmeter G. The snlphiiret of potassium ia, for n liquid, 
couductOT of eluctrlcity, but ia cbemjcally inactive 
I aBsociated with phLtiuum and iron in a. circuit. Wlien 
p and / are joined, if an electro-motive force were 
Dped at their surface of contact, all the conditiona neces- . 
i£>T a circuit being preaent, a cturent would be generated, 
auld deflect the needle of the galvanometer. This 
sver, gives not the slightest evidence of a current, 
e interposed at the junction of ji and/, the galvauo- 
; is equa!l7 unaffected ; but if a piece of paper moistened 
Bulphuiic acid be placed between the ends of these 
, decided deflection ensues, and the iron becomes the 
element of a platinum-iron pair. We have thus 
re eyidaice, that the simple contact of the iron and 
tplatinnm is iinattended by electro-motive force, and that 
I is developed only by the ehemieal action upon the iron 
' iterposed liquid. Again, into one of the vessels just 
". to, let two plates, one of copper, the other of silver, 
and let commnnication be established between 
and the galvanometer. The needle at firat deflects 
Alj in a. direction which shews that the copper is the 
+ element of the pair, it then gradually returns to its 
fitst position, and again deflects in the opposite direction, 
thewifig that the silver ia now the -f element. After 
Nme time it returns, and again deflects in the original direc- 
tion, and goes on thns changing. If the plates be examined 
during these changes, it is observed that sulphnret of copper 
i« formed when the copper ia +, and snlphuret of sUver 
irhan the silver is + ; the alternate action being attri- 
butable to tko relative condition of the plates when coated 
»rith their sulphurets. The electro-motive force of a silver 
copper pair ia thus shewn to be not invariable in direction as 
the contact theorists maintain ; but to change its direction 
with the seat of chemical action. 

69. Chemical eottditions of the Gahania Pair. — We have 
hitherto supposed that, in the galvanic pair, the zinc alone 
bid affinity for the oxygen of the water, but chemistry teaches 
U! that copper likewise has the same affinity, thoi^h to a less 
degree. Hence we must conclude that there originates at the 
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copper an electro-motive force acting contmy to that of the 
zinc, and that the electro-motive force of the pair is the 
difference of these opposing forces. Were we to take two 
similar plates of zinc, instead of one of zino^ and the other 
of copper, we should thus have two eqnal forces tending to 
propel two equal currents in opposite directions. In this esse 
the two forces would equilibrate each other, and electrical 
and chemical inaction would be the consequence, a condosion 
quite in keeping with experiment. It therefore becomes 
necessary to couple the zinc with a metal such as copper, lees 
oxidable than itself. In keeping with this theory, it is found 
that if the zinc be coupled with a metal less oxidable still 
than copper, the resultant electro-motive force is increased. 
A pair consisting of zinc and silver gives an electricity of 
higher tension, and consequently a more powerful ennent 
than one of zinc and copper, and one of zinc and platinum a 
stronger current still ; silver being less oxidable than copper, 
and platinum less than silver. The greater, then, the disparity 
in oxidability, or in liability to be affected by the exciting 
liquid of the metals of the pair, the greater is its power. 

70. Electro-chemical Order of the Etements (Ger. on the contact 
theory, Spannungsreihe).—!!! the galvanic cell we find that not 
only the metals, but also the elements, of the liquid assume 
opposite electricities. Within the liquid the zinc is -f and 
the copper — , the oxygen -j- and the hydrogen — . The 
elements have been arranged electro-chemically approximately 
to the part they play if associated in the galvanic pair. We 
may here give the more common elements thus arranged, 
beginning with the most electro-positive, and ending with the 
least positive or negative — the arrow marking the direction 
of the current within the celL 
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. The relative size of the plates associated in pairs does not 
^ter the seat of action, ox change t\i<^ ^^:KAM^M^ ^ \ha 
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eoirent Suppose from thie table we wished to find tlia 
action of a platinum-irxm pair immersed in hydrocldorie 
add. Iron ia + to platinum, and hydrogen + to dilorina 
Chlorine, the negative element of the liquid, would accord- 
ingly be disubaiged at the electro-poutive iron, and ferroua 
■" (FeClJ would be formed. The electco-poaitiva 
wonld be disengaged at the electro-negative 
The interpolar current, consequently, proceeds 
the platinum to the iron. If, however, no chemical 
eiisted between iron and chlorine, no eleotricitj 
be generated, as chemical is essential to galvanic actioa 
such a list alone we cannot predict the result of any 
combination. The metala themaelvea, as we have 
*lntdy seen, frequently change their relative positions, 
■Holding to the action of the liquid in which, they are put^ to 
llutt the order given is by no means absolute. The aiTaiig&- 
Mnt of the metals in the foregoing table is according to theii 
"ction in dilute acids. In different liquids or solutions metals 
^Mnlly alter their mutual relations. Thus, in dilute 
'"iphnric add, silver is — towards lead ; but in a solution of 
tyMide of potassium, + towards it. In a solution of common 
"■Itor potash, iron is +, copper — ; in ammonia, iron ia — , 
■"d copper +. 

71. The Negative protected h/ the Positive Plate — Local 
^tlim, — The electro-negative plate remains in presence of the 
'iMtio-poBitive totally unaffected, and more bo thau if it were 
Piwed by itself in the eiciting liquid. Hydrochloric acid, for 
I UUtancf^ readily attacks iron ; hut if a piece of zinc be put 
boo the liquid, and be made to touch it, the iron will remain 
! IMoudied until the zinc has been first dissolved. Wherever, 
tberefore, iron is exposed to corrosive action, it may be pro- 
tected irom it by coupling it with zinc. This accounts, ia 
Mme degree, for the durability of iron coated with zinc, or, as 
it is called, ' Galvanised Iron.' In the same way zinc protects 
copper from corrosive action. Davy found in his experiments 
to protect the copper sheathing of ships from the action of sea- 
water, that a plate of zino protected 150 times its own suriace 
of copper, when attached to the copper below water. A 
^^bthing so protected suffered no conosion, but lost for that 
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very reason its efficiency, as marine shell-fish and y^etablet, 
finding it hannless, clung to it, and impeded the motion of the 
ship. On the other hand, zinc corrodes more readily in 
presence of a metal relatively negative to it, and hence, for 
example, the necessity for using zinc naila for zinc roo& 
instead of iron or copper nails. When pure zinc is put into 
dilute sulphuric acid, almost no change is visible, whilst 
ordinary conmiercial zinc is rapidly dissolved by it. This 
arises, in all probability, from different portions of the lattei 
standing in different electric relations, arising from the 
heterogeneous structure introduced by extraneous substances. 
Qalvanic pairs are thus established within the metal, and it 
dissolves in consequence. If the zinc plate of the pair were 
not amalgamated, local action would for this reason take 
place in it, which, as it contributed nothing to the drcoit 
current, would produce a useless waste of the metaL When 
the plate is amalgamated, it becomes more + than before, 
and only dissolves when the circuit is closed 

72. Quantity and Tension of the Electricity of a Current, — The 
quantity of the electricity passing in a current, or the strength 
of the current (Fr. Intensity, Qei, Stromstdrke), is estimated 
by the power of the current to defiect the magnetic 
needle, by the chemical decomposition it effects, or by the 
temperature to which it raises a wire of given thickness 
and material The strength of the current must not be 
confounded with the strength of the cell or battery which 
gives rise to it. A battery of 100 cells is undoubtedly a 
stronger electric arrangement than one cell, yet, in certain ci^ 
cumstances, the one cell will give rise to as strong a current as 
the 100. The force of the battery, sometimes called the 
tension of the current, is the power which it has to transmit 
a current against resistance such as that offered by a bad, long, 
or ^hin conductor. Tension, strictly speaking, is not a property 
of the current, but of the battery which generates the current; 
it is a statical property (36), and is exhibited (59) by the insulated 
poles of the battery. A current of high tension is one which 
is maintained by a battery whose poles exhibit high tension. 
The tension of its poles is a measure of the electro-motive 
force of the electromotor (i.e., any dixaa^ixi<&u\.«vLOKL^^^ 
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r battery which generalca a current, sometimes also rheo- 

[totot). B; electro-motive force is andoniood the powec to 

teep electricity in motion, or to maintain a ciirrent against 

resatance. The electro-motive force of any cell or battery 

may be measured before the dn-TiiE is closed, by connecting 

the line wire or — pole with the ground, and the iusnlaled 

copper wire or + pole with a condensing electrometer, and 

obeerring the amount of statical teosioii — Le-, attraction or 

repnliioQ produced. The tension so measured gives the 

power of the arrangement to propagate electricity. When 

the drcnit is closed, the electro-motive force is ascertained, 

a> ilrwdy mentioned, by introducing new resistance into the 

tiitnitjand observing the effect produced on the strength of 

ttitcmrent The eteclro-mctive force of thepair it proportional 

^ &t inlentity of chemical affinity, or the force leTiding to 

''ffliwai action, the catrent strength to the amount of tfiii action 

''tumitly of zinc diitohed in a given time, and the ntttlanee 

" lial vkich preoenit the former from developing the latter. 

'ewioD, when high, is also measured by the lengtK of the 

"put 

73. Greatest current that an tiectromotOT can hi made to give. 
""■Tie maximum corrent which any electromotor can give, 
8 fonnd by connecting the poles by a very good conductor, such 
"aihort thick wire of copper, and observing the effect of this 
•ne upon a needle. The greater the strength of the current 
^ the greater is the deflection of the needle. Chemical action 
aid, heating power cannot here be used as tests of strength, 
I, ia order to produce these, considerable resistance must be 
I^iced in the circuit, which materially lessens the strength 
of the current. The maiimum current which a galvanic pair 
Mu give is proportional to its surface. By doubling the size 
Bf the plates, we double the amonnt of current, provided, of 
wnree, the interpolar wire offers little or no resistance. The 
nuTimntn current here spoken of has reference to the cell 
■a we find it. It may be possible to improve its internal 
jffnmgement, but that is here considered fixed. The electro- 
motive force is not afTected by the size of the plates, but, as wa 
■hall afterwards fijid, by the number of pairs. Suppose, in 
iUottralion of what has been said, we Wl l\io ■^a*, tsat a. 
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Siu^copper and the otlier a zinc-platinnm, and th&t both 
same man muni current. If the interpolar connM- 
V'tion be then made h^ a long thin wire, the current vhidi 
Btech gives will fall off, but thut of the ^mc-copper pair men 
rtluii the other. This would be generally eipresaed by saying 
fthst both paira were of the some quantity, but of different 
J tension, the zinc-platinum pair being in that respect the 
■Xtionger. 

74- If en electric current be what we have supposed it to 

Kite, a Beries of molecules, ntpidly discharging into each other, 

E-fre must fonn the following ideas of its quantity and touLOB, 

1 If the series of cylinders shewn in fig. 35 were the mednun of 

I'discluige between au electric machine and the gronnd,** 

I should see sparks occurring at the small intervals between. oA 

■ ftt a certain rate. If the machine by any meana were nadi 

I to fiimish twice as much electricity as at first, the Bp*lk 

1 TTonld occur twice as quick. Or if, when tho machine W 

f giving off a double chaise, we had two series of cylinders instead 

I of one, the sparks would follow each other at the same rate » 

I at fiiBt Two series discharging at a certain rate do the somB B 

series diEchargii^ twice as quick. Similarly, any nnmltf 

leries would discharge the Eame amount of electricity >> 

, provided the rapidity of discharge of the latter WW 

proportionally greater. A wire may be looked upon « 

Beveral series of molecules placed side by side, and moteculei, 

according to our theory, stand to each other much in the BUDS 

relation as the cylinders just named. Accordingly, vre mmt 

expect that a thin wire can produce as strong a current ai i 

[ thick wire, provided its molecules discharge as much fester 

t than those of the thick wire, as the section of the thick, wii* 

is greater than that of the thin wire. The strength of tie 

current in this way depends on the number of moleculea in 

the section of the wire, and the number of times they disdiaig* 

in a given time. In statical electricity, we found that the 

quantity was got by multiplying the number of molecules ot 

surface affected, by the tension or force lodged in eacL In 

current electricity, we get the quantity much in the tami 

way, by multiplying all the molecules in the aection of th> 

wire by the number of times they dischai:ge in a given titii& 
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Bity of disehai^ in the latter ia equivalent to tenaion in 
Whenever, in the former, the electric fowe con- 
, the tension mes; in the ktter, the tapiditj of 
is increaflfid. The electto-motiye force arising from 
isity of chemical affinity ia not increased by enlarj^ng 
12 the aSinity is the same in a lar^ aa in a sm^ 
Large plates, however, by inclnding a lurger section of 
I, lessen the resistance within the cell, and thus far aid 
■ development of chemical action. 

■ the eame eleetro-motive force, the rapidity of dis- 
a lessened when the connecting wire is long, but 
iraled when it is thick. The resistance offered by a long 
K of molecules must be the earn of the re^tances offered 
le; heac«, the longer the series, the greater the 
Again, one series can convey a certain emonnt 
iectticity with a certain iacUity ; another series will 
ly as much with the same ; the two ivill convey twica 
H mneh electriiaty as easily as one series conveys the original 
Or if one bo made to convey as much as two, its 
molecules must discharge twice as fast ; and having twice the 
*mi to do in the same time, will offer twice the resistance. 
Hence, the more series we have, or the thicker the wire, the 
l>etter does it conduct. 

75. Comparieon of th« Electric Machine and the Galvanic Pair. 
^Tle following experiment illustrates the relative charac- 
lerirtica of galvanic and frictional electricity. A Winter'a 
slectric machine, such as the two-foot plate described in 
Mtide 46, gives readUy, when in good order, a spark of 
twelve inches, and causes a visible disturbance of the leaves 
of an electrometer at a distance of twenty feet from it. If 
rach a machine he made to send a cntrent through a 
modeiately sensible galvanometer in the way described in 
uticle 59, it wUl make the needle deflect one or two 
d^reea. If a galvanic pair be connected with the some 
gslvanometer, consisting of very fine iion and copper wires 
about an eightieth of an inch in diameter, inuuersed for about 
an inch into a few ounces of water containing one drop of 
mlphnric acid, the needle will deflect three or four timet 
I it did before. The electricity of the current produced 
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in the diminative pair is greater in quantity than that of the 
machine, but its tension is immeasurably smaller. Should a 
break be made in the circuit, the power of the terminal poles 
to attract or repel is almost infinitesimal, and dischaige 
between them through the air cannot be effected even at a 
microscopic distance. Faraday has calculated that a wire of 
platinum and one of zinc, i^th of an inch thick, immeised 
|ths of an inch in water containing sulphuric acid in the 
proportion of one drop to four ounces, will produce in three 
seconds as great a quantity of electricity as thirty turns of a 
fifty-inch plate-machine. 

There seems to be something discordant in the results here 
obtained. The electro-motive force of the machine, as shewn 
by its tension, appears to be enormous, and yet, with almost 
no resistance, it barely produces a current. The force of the 
pair seems to be low, and yet the resulting current is verj 
strong. This arises from the relative conditions of both beiiig 
entirdy different In the galvanic pair, no matter how small 
it be, before an infinitely small circuit-resistance it would 
produce an infinitely strong current Now, in the machine 
the quantity of electricity given off appeals to be unaffected 
by the circuit-resistance. The conditions of both we might 
picture to ourselves in this way. Suppose we had an electric 
machine turned by a descending weight, and that somehow 
or other the resistance of the circuit, the only resistance iu the 
case, was yoked to the plate, one turn of which always gave 
the same quantity of electricity to form the current ; with a 
small circuit-resistance the weight would descend quickly, 
and the rapid rotation of the plate would give rise to a strong 
current ; with a large resistance, the reverse would be the 
case. If the weight, which may be taken as the electro-motive 
force, were free to descend, the rapidity of rotation and amount 
of cuirent would depend entirely on the resistance of the 
circuit Here, if the weight were of moderate size, we would 
have the conditions similar to those of the pair. If the weight 
were enormous, but from some cause descended very slowly, 
it would turn the plate against any resistance, however great 
Before a small resistance, however, it would soon exhaust 
iteelfy and appear almost to slop. H.€£^ ^^ \^a:R^ cxm^itions 
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^ualitj of electriuit; genenttcd in the faoG of great resiEtauM^ 
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Galvanic Battery and Various PormB of Cells., 

Galvanlo Battery. 
78. When a number of copper and line pairs, Bimilai 
M tiie one already referred to, are put togetier, bo that 
Ite copper plate of one cell ia placed in conducting con- 
Wclion with the zinc plate of the neit, in the manner 
shewn in %. 67, they constitute a galvanic battery. The 
MTBDgenieiit may be thuH put : —> ZLO~ZLCr"ZLC~ZLC *• 
Z standing for zinc, L for liquid, and for copper ; the strokes 
Wow for the cell-connectiona, the atrokea above for the wire- 
MnaectionB. The term battery ia Bomctimea alao applied to 
"anmhec of cells acting as one combination, in whatever way 
fey may be connected, and Bometimes even to one celL 
"hen the terminal copper and zinc plates (fig. 67) are efm- 
•Wted, tlie current runs from each copper to each zino 



I 




plate Kithont die liquids, and from eacli zino to each copper 
pUte within the liquids ( and wlen the contact is broken, 
Ihe anc pole ahewB — , and the copper pole + E. Tlie 
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galvanic battery thus pat up acts in all leapecti as a 
compound galvanic pair, and constitutes a compound galvanic 
or voltaic circuit If the polar wires be connected with a 
tangent galvanometer, the deflection of the needle caused hj 
the battery will be exactly the same as that effected by one 
of the cells, provided the wire be thick, and a good conductor 
— ^that is, the maximum current given out by a single cell 
and a battery is the same ; but if the zinc end be connected 
with the ground, and the electric tension of the ^nanl^fa^ 
copper pole be tested by a condenser and torsion balance^ iti 
tension is found to be as many times greater than the tension 
of the same pole of one cell examined in the same way as 
there are ceUs in the combination. Thus, if two cells be 
taken, the tension is doubled ; if three, tripled ; and so on. 
The electro-motive force of a battery it therefore proportional to 
the number of ceUty supposing, of course, that they ore azianged 
consecutively, as in the figure. Hence, when the interpolBr 
connection offers great resistance — ^when it is, for instance^ a 
very long and thin wire — ^the battery has power to Tnf»^'^<»*" 
a current when the cell almost fails to do so. The fatt that 
one cell gives the same maximum current as a battery of any 
number of cells, enables us easily to ascertain if all the cella 
of a battery are in order. Suppose, for instance, we wished 
to ascertain this for a battery of 100 cells, we take one cell, 
to all appearance in good order, and test its effect on the 
needle through a piece of thick copper wire ; then we take 
the 100 cells, and test their combined effect in the same 
way. If both ore the same, then all the cells are in order. 
The effect of the battery cannot possibly, in the circumstances, 
be greater than that of any one cell, but it may be less. If 
it is so, one or more of the cells in the chain are defective. 
If there is no local action, the quantity of zinc dissolved, 
and of hydrogen given off, in each cell or element of the 
compound circuit is exactly equal in amount, as is to be 
expected from the perfect homogeneity of every circuit 

The four cells in fig. 67, as stated, form a compound 

voltaic circuit They may be made to form also a simple 

circuit If all the zincs were connected with one wire, and 

all the coppers with anotlieT, onii ^«i cJocoSi ^som^leted by 
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one Vfire, then the four cells would act in every respect aa' 
uae cell, whose plates had four times the surface. A batterj-, 
ftucii as in the figui«, would he said to have a tension 
anai^ment; a battery, like the one named, a quantity 
amngement. 

That the electric tension, should multiply with the numher 
of ceUs, may be accounted for by the consideration, that 
iMlead of one polarising force, there are several, all acting 
in the same direction, each one esalting the polarity of the 
inoleaoleB produced by the other. 

Different Forms of the G-alvanio Battery. 
77. Volta'i pile is shewn in fig, 68. It consists of n number 
otdicular plates, each made up of a plata 
<if copper and a plate of zinc soldered 
•(getlier, built up, the copper plates 
fiwiag one way and the zinc the other, 
'wh compound plate being separated by 
idrealar piece of woollen cloth, moistened 
irith a solution of common salt or dilnta 
nlphuiic acid. In consequence of the 
gnat number of pairs, the electric tension 
tf the poles of Volta's pile is considerable. 
One ftiraLsbed with from 60 to 100 plates 
tan charge an electroscope withont the 
Bndensing plates. It is from this battery 
the term 'pile' is applied to the 
or voltaic battery. Volta used 
jrm of battery, which, he called ■ 
of cup}. Thia consisted of ; 
ntonber of cells like those in fig. 62, ^'*- ^'- 

iRanged in a circle, so that the first and last were 
contiguous. 

78. Zamhoni'i Dry Pile consists of several hundreds, and 
MlnrtimeB thonsands, of discs of paper tinned on one side, 
»nd covered with binoiide of manganese on the other, put 
together consecutively, as in Tolta's pile, and placed under 
lires9Uie in an insulating gloss tube cloaed with brass endti. 




vhich serve as ttie poles. The electric tennoQ of the poles of 
this anungement is coiuider&ble, but the Htrength of ths 
current which passes whea the poles are joined is next to 
nothing. The moat important application of the diy ^le is in 
the construction of a Ysrj delicate electrometer, which i* 
named after its inventor, Bahnenbergn't tUctrometer, In thi) 
instnunent the drj pile is insulated, and its ends aie placed 
in conducting connection with insulated wiiee, which an 
l>ent Tound so as to face each other. The wires end in smsU 
faces, which thus constitute the poles of the pile. A gM 
leaf is hung between t}te poles, and turns to tbe one vt tfaa 
other according as it is changed. As we know the names d 
the poles, we know at once the name of the electtidty irilb 
which the leaf is chafed, as it must incline toward tk 
opposite electricity. 
79. Th« Galvanic Trovgk, introduced by CrniksbanTt, is • 




trough (fig. 69) into which rectai^:ular plates of copper an^ 
zinc, like those of Volta'a pile, are fiied, the cells indodeil 
between each pair being filled with dilate sulphuric add. 
The inner Buriace of the trough is coated with an insuktni^,' 
substance. 

60. WollasUm's Battery. — Each couple of this batteiy (fig. 
70) is raade up of a plate of copper, doubled up so as M 
include a plate of ainc, from which it is kept apart by 
strips of wood. Both faces of the zinc are thus equall)' 
exposed to chemical and galvanic action, a device hj which 
the quantity of electricity w iiif.Teajwd, Fig. 71 shews s 
batteij of five of these. Thi tomiftatma, ticn^n. il -Buftji «». 
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fired to a. wooden rod, by which tliey can Le lifted or 
loweied togetdier. Whea tjie battery is put in action, the 
whole is lowered, and the five couples are immersed in five 
troughs filled with dilute sulphiuic acid (1 of the acid to IS 
When out of action, the whole ia lifted and &x&d 




hy binding acrewa to the two eiipporting pillars. When t!i« 
number of pairs ia small, oa in. the figure, it is of little 
consequence whether one large trough or five small ones be 

81. Stnee's Batlenj. — In Smec'a couple, the position of the 
plates of WoUaston's couple is reversed. It consists of a. 
silver plate, with a zinc plate on either side, kept separated 
torn it by alipa of wood, the two zinc plates being 
fastened by a coupling. There are thus two -|- plates 
to one — , instead of two — to one +, aa in Wollaston's 
couple. The zinc plate boa not thus to be so often 
renewed as in Wollaston's battery. The silver plate is platin- 
ised — that is, covered over with finely- divided platinum 
— and this ia found to lessen the adhesion of the hydrogen 
bubbles to the plate, thereby greatly improving the constancy 
of the action. Smee's battery has tbe ss 
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82. Grovit Go* £aUer^.— This liattetyis more intended for 
inatniction than U9C. One of its celle ia shewn in fig. TS. 
Into the two outer neclu of a. three-necked bottle, two gkM 
tubes are fitted hy meana of corks through which the^ pass. 
Each of these tubes is open below, and a platiaoin wire enteis 
them hermetically above, to which a long strip of platinam i« 
Boldered, extending nearly to the bottom of the tube. Little 
tups, containing iiietcury, stand at the upper ends of theae 
wires. The whole apparatus is filled with slightly acid water, 
and the poles of a galvanic battery are placed in the little 
cupe. Wat«r is thereby decomposed : oxygen forms in the 
one tube and hydn^en in the other. When the buttery wiiw 
are removed, no change takes place till metallic connection is 
established between the cups, and the oxygen and hydngeu 
gradually disappear, attended by m 
electric cmrcnt which passes bom ^ 
oxygen to the hydrogea When sevenl 
of these are put together in a balteiy, 
the connection being always oxygen to 
hydrogen, they can decompose water. 
The most important fact illustrated by 
Grove's battery ia, that the oiygcn and 
hydrogen, liberated by galvanic agency, 
when left to themselves produce ■ 
current the opposite to that which 
separated thera. When the poles of 
tlte decomposing battery were in the 
niercnry cups, hydrogen is given off 
at the — , and oxygen at the + 
pole ; and as opposite electridtia 
attract, it is manifest that the hydro- 
I in this action is +, and the 
oxygen — . When the two gases foiiii, 
by means of the platinum platei, 
a galvanic pair by themselves, the 
current must proceed, as in all csms, 
from the + to the — within the liquid, and the ravena 
way between the poles; but this ia the opposite of the 
direction of the ori^nal cursent. 
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-It IB therefora ^| 
Ke at any point' ^H 
counter-current. ^^M 
This accounta ^H 
ecompoBe water, ^H 



Oil-TAKIC BATTEKT. 

Miic PofamaSton— Cona(a«i Baiferw*. — It is thereft 
it that wlierc oxygen or hydrogen is set true at any point' 
Ivanio circuit, they will tend to send 
:ndency is called galvanic potariaaiion. This accoiuita 

fact, that no single galvanic pair can decompose water, 

force generates ia no greater than the force of tlie 
r-current that would be produced by the liberated gascB. 
wo cells produce an. insignificant effect. Galvanic polar- 

also accounts for the sudden falling off in strength in 
funic couples wheie hydrogen ia set free at the negativo 

The bubbles of the gas adliering to the plate, not only 
the surface of contact between the plate and the liquid, 
at an cleotro-motive force contrary to that of the pair, 
is goes on increasing until the action becomes greatly 
i. In oil improved forme of the pair, it therefore 
a neceesary to adopt some meana of preventing the 
Igement of hydrogen at the negative plate, and this 
e in all eonstant batteries by employing two fluids 
L of one. The best known constant batteries are tliusa 
mU, Grove, and Bunsen. 




DanieWi Battery.— A cell of this battery is shewn in fig, 
1 a section of it in fig. 74 The containing vessel, (i, h of 
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copper, which serves likewise as the negative element of the 
pair. Inside of this is another vessel, d^ of porous nnglazed 
earthenware containing a rod of zinc, z. The space between 
the copper and the porous cell is filled with a solution of the 
sulphate of copper, which is kept concentrated by crystals of 
the salt lying on a projecting shelf, «, and dilute sulphuric 
acid is placed with the zinc in the porous celL When a 
tangent galvanometer is included in the circuit, the needle 
keeps steadily at the same point for hours. The rationale of 
its action is given as follows : The porous cell which keeps 
the fluids from mingling does not hinder the passage of the 
current ; when the atoms of hydrogen that would ultimately 
be freed at the copper reach the porous cell, they displace the 
copper in the sulphate of copper, and copper instead of hydro- 
gen is thrown on the copper plate. The chemical rationale of 
the action may be given by the following equations. Begin- 
ning with the copper (Cu) of the outer vessel, and ending 
with the zinc (Zn) of the rod, and taking |^ for diaphragm or 
porous cell, we have the arrangement before disduuge 

Cu,CuS04 CUSO4 I^H^^SO^ H^^4 Zn; and after it,"CuCu 
SO^ SO/H2 §0^2 S^n. The discharge, therefore, 
effects a deposition of copper at the copper, and the formation 
of sulphuric acid at the porous cell and of sulphate of zinc 
at the zinc rod. Instead of hydrogen in its nascent state being 
deposited at the copper, we have copper in the same condi- 
tion ; but the galvanic polarisation caused by the latter is 
very much inferior to that resulting from the former, and 
hence the superior electro-motive force of Daniell's celL The 
porous cell keeps the sulphate of zinc from reaching the 
copper, and thus obviates another source of diminished force 
in the one-fluid battery. The sulphate of zinc once formed, 
is itself subjected to the decomposing action of the pile, and 
zinc is deposited on the copper-plate, thus tending to give a 
zinc-zinc instead of a copper-zinc pair. The constancy of 
Daniell's battery is not unlimited, for the sulphate of zinc 
which results from the action, being a bad conductor of elec- 
tricity, enfeebles the current. From its great specific g;ravity, 
however, it falls to the bottom of the cell, and may be removed 
by a siphon, and replaced by fift%\i Uc^vaaSu Tti^ ^org^^x qC the 
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I J)aniell'8 oell is frequently also placed inside the porous vessel, 
oa the platinum in Orove'a celL A batteiy of Duuiell's celU 
is put up in the usual way. 

84. Groves Battery consists of platinum-zino couples. Fig. 
75 shewB an excellent arrangenient of a cell of it The outtr 
cell of gloss, g, is filled tvitk dilute sulphuric acid (1 part of 
acid to 8 of water), in which a cylindrical plate of zinc, a, ia 
irnmeraed- Inside the zinc is a porous cell, d, containiuj; 

^^cpucoiitra ted nitric acid and the platinum plate, ;>, which id 




bent into the fona of an S (fig "6), to increase ils Burface. 
Grove's couple is very much si penor in power to any of the 
preceding though it la mfenor in constancy to Damell'E. 
Wlien the pules are joined sulphate of zinc is formed m the 
outer cell, and the heavy browu gas, peroxide of nitrogen 
(NjOJ, is given off by the nitric acid. As tliis goa is injurious 
to the health when breathed for any time, the porous cell ia 
closed with a stopper of wood to prevent or lessen its escape, 
tliB connection, between the exterior and the platinum plate 
being made by a strip of metal passing through the wood. 
Hie ottemical action of Grove's couple may be shewn in the 
came way as Daniell's, taking anhydrous aitrvc a»L\iCJS^^\(s 
be the oxide of the peroiide ol nitrogeix Q5.fi »,C)'i- "feA's^^ 



^J 
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dischikrge, the molcculcj BlnaA thus, beginning witii tlie pUti- 
mim: Pt,Nfi^Nfi^ fH^O, EiiSOiiZn; and after il, 
P]3^4 ^ItjO, "(51^S0,;H, SO^ The peroxide of 
nitrogen diachuip^d at the platimun plate is abagibed by the 
nitric add, in which iL is soluble, so that the plate ia left free. 
The i«sultiiig eolutioa is highly conducting. The peroiida 
of nitrogen soon fpoutaneously separatea from the nitric add, 
giving lise to the dark-brown vapour already weulioned. The 
cells of a Gruve's battciy are connected with the platiunm of 
the uue to the liuo of the other. 

6S> Bunieii'a Battery. — Sunsen's cell has the same ehenucal 
action as Grove's, the platinum being replaced by carben. 
There are two fonua of the cell — tie one invented and 
employed by Proftseor BmiBea, and generally adopted in 
Gennany ; and the modification introduced by Archerau, 
generally found in England and France. The Bunsen cdJ, 
properly bo called, boa a carbon cylinder immersed in nibiB 
acid, and the porous cell contaiuing the dnc and mlphuric 
acid placed within iL Fig. 77 n.'pi'eBenta a battery of foui 
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cells, shewing how the differeut cclla are connected : g 
containing glass vessel ; e, the carbon cylinder ; d, the porous 
h cell ; and ::, the zinc The other foiTu of the Bunsen c(3l'ii I 
Blewn in fig. 78. In it the Kamc ana.-n^ftin.ei&i» 
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Fig. 18, 



Qwve'a cell. Bunfien's battery, in point of cheapnees, is prt 
faiable to Grove's, where tie jilatinum forma an eipensiv 
item, bat ia inferior to it in 
poiat of compactness. 

BiHuen Coke. — The carlioiia 
forBimaeE'stattery aremadeby / 
a prooeas invented by Bunsen. I 
Ths fine duat of coke and 1 
i^&king coal is put into a cloee i 
iroa mould of the shape required 
for the carbon, and exposed to 
tte heat uf a furnace, Whe 
taken out, the burned mass 
pomuB and unlit for use, bi 
ty repeatedly soaking it i 
Itioi Bymp, or gaa tat, at 
■sheating it, it at length acquires 
lie necessary solidity and eon- 
ooDting power. The carbon that forma on the roof of gas- 
^torta ie harder and better than the carbon thus made, bat it 
" iiifficnit to work, and the supply of it is limited. 

Comparative EUctro-motive Forcu of dijfsremt Celli. — Taking 
MuUeiJi results, and expressing them in the electro-chemical 
Miu afterwards mentioned (96), the following numbers give 
tne average electro-motive forces of the different cells : 
Elnsen's, 16-45 ; Grove's, 16-05 ; DauieU's, 9*67 ; WoUaston'a, 
*J3, This, of course, does not tell us the maximum current 
list can be got from each, for to determine that the size of the 
piates, their nearness, and the liquid resistance within the 
fell, mast be also taken into account. The resistances 
withio the cells for like surfaces for Darnell's and Grove's 
batteries have been variously estimated. Some give the 
Kdatance in Darnell's as siiL times, others two times greater 
thsn in Grove's. In Wollaston's cell the resistance is com- 
paratiTely small from the absence of the porous cell, which 
offers very considerable resistance. 

86. Iron Battery. — Instead of platinum, iron may be used 
with an equally good result in Grove's battery. Care must 
he taken that the nitric acid does not become dilute, for in 
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Pdilote nitric acid the iron is violently atlaoted. la tbi 

etectro-chemical table, iion stands much inferioi to platinnn 

Ba an electro-negative metal. Its use in the iron battetj 

depends on its becoming highly electro-negativE in mmbd- 

Irated nitric acid, or aaamning, as it ia called, a paaaive Mnfi- 

L tion. The pai$ivity of iron can be produced in Tarioua vtji. 

"it becomes so when dipped in concentrated nitric acid, wkn 

air or oxygen till it chnogea colour, or when it 

VSorma the + pole in the decomposition of water, where osnb 

1 oxygen acts on it Passive iron suffers no change vt 

fl nitric acid, which powerfully corrodes active or ordinuj 

The passirity of iron is attributed to the formatian on 

Is BUrface of a very thin layer of oxide, which is insoluble m 

■nitric acid, and electro-negative compared with active ina 

1 can be made active by being mbhed with sand- 

[^paper, or healed in hydrogen gaa. If in the iron baHer; 

filled with dilute acid there be any part not passive, thai 

]>art forms a pair with the passive part^ and rapidly disaoivea 

When the acid ia concentrated, however, the surface is kepi 

t'""*tantly pesaive. ^^^ 

7. The two powers of the galvanic current by which il 
ngth ia moat conveniently measured arc, ita power t 
ect the magnetic needle, and to effect chemical decon 
tion. To measure one or other of these ia the object of 
■anometer or voltameter. A magnetic galvanometer shev 
strength of the current by the amount of the deflection i 
the needle, and shews its direction by the way in which 
deflects. The manner in which a needle should turn whe 
influenced by a current is easily kept in mind by Ampere 
tolo : Suppose the diminntivt figure of a mon to be placed in ti 
eirtuit, lo that tht ewrrent ihalt tjitir by hie feel and leave ty h 
h»ad; when he looks with hix face to the needle, itt norCft po 
alwaj/t tvnu to hit left. The deflecting wire is aapp 
I ilways to he in the magnetic meridlun. 
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88. The AstcUic Galvanometer, also called simply Qalvarir 
^nuter (Qer, MvMiplieator), is used either simply as a galvan- 
oecope, to discover the existence of a cnrrent, or as a measurer 
of the strengths of weak currents. When a needle is placed 
under a straight wire, through which a current passes, it 
deflects to a certain extent, and when the wire is bent, so as 
also to pass below the needle, it deflects still more. This is 
easily understood from the above rule. The supposed figure 
has to look down to the needle when in the upper wire, and 
to look up to it in the lower wire, so that his left hand is 
tamed in diflierent ways in the two positions. The current in 
the upper and the lower wire moves in opposite directions, 
thus changing in the same way as the figure ; and the deflec- 
■ tion caused by both wires is in the same direction. By thus 
doubling the wire, we double the deflecting force. If the 
"Wire, instead of making only one such circuit round the 
needle, were to make two, the force would be again doubled, 
and if several, the force (leaving out of account the weakening 
of the current caused by the additional length of the wire) 
^'ould be increased in proportion. If the circuits of the wire 
1)6 80 multiplied as to form a coil, this force would be enor- 
mously increased. Two needles, as nearly the same as 
possible, placed parallel to each other, with their poles in 
opposite ways, as shewn in fig. 79, and suspended, so as to 
move freely, by a thread without twist, have little tendency 
to place themselves in the magnetic meridian, for the one 
would move in a contrary direction to the other. If they 
were exactly of the same power, they would remain indiffer- 
ently in any position. They cannot, however, be so accurately 
paired as this, so that they always take up a fixed position, 
arising from the one being 
somewhat stronger than the 
other. This position is some- 
times in the magnetic meridian, 

sometimes not, according as the 

needles are less or more per* . 

fectly matched, and their axes Fig. 79. 

lie in the same vertical plane. 

Such a compound needle is called astatic, as it stands apart 
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from tbe directing magneUc inflaenee of tha eutli. If an 
astatic needle be placed in a coil, aa in fig. 80, M that tiie 
lower needle be vitbin the coil and the upper one above i^ 
its deflections will be more considerable than a rimple needle, 
foe two reasons : in the first place, the power which keeps the 
needle in ita fixed position is amall, and the needle is conse- 
quently more easily influenced ; in the second place, the force 
of the coil is exerted in tbe same direction on two needlei 
instead of one, for the upper needle being mnch nearer the 
upper part of the coil than the lower, is deQected alone by it, 
and the deflection is in the same direction as that of the lower 
needle. An astatic needle so placed in a coil constitntes an 
astatic galvanometer. One of these instruments ia ahewn in 
fig. 80. Bound an ivory 
bobbin, AB, acoil of fine 
copper wire, carefully 
insulated with silk, it 
wound, its ends being 
connected with the bind- 
ing acrewB, j, »*. The 
astatic needle ia placed 
in the bobbin, which is 
provided with a vertical 
slit to admit tbe lower 
needle, and a lateral 
abt to allow of its oscil- 
lations, and is suspended 
by a cocoon thiead to 
I hook supported by a 
brass frame. The upper 
needle movea on a giad- 
^% „„ uated circle ; the com- 

pound needle hangi 
freely mthout touching the bobbin The whole ia included 
in a glaHS case, and reeta on a stand, supported by thiw 
levelling screws Whfn iistd, the bobbin la turned round by 
the screw, Q, until the needle atands at tbe zero-point, and 
the wires through which the current la sent are fired to the 
binding anawa. The niim^jei: oi iepfew ttwS the needle 
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deflects may then be read off. It is manifest that on deflec- 
tiou taking place, the different portions of the coil are differ- 
ently situated with respect to the needle from what they are 
at zero ; the deflecting force of the coil, therefore, differs with 
the position of the needle, so that the deflections caused by 
different currents are not in the proportion of the angles of 
deviation, or their functions ; up to from 15° to 20", it is 
f (mnd for most instruments that the strength of the current is 
proportional to the angle of deviation; beyond that, the 
relations of strength indicated by different angles must be 

ascertained experimentally, which can be done with the aid of 

a thermo-electric pile. 
89. TcmgeTvt Galvanometer. — ^This instrument is shewn in 

% 81. It consists essentially of a thick strip of copper, bent 

into the form of a circle, from one 

to two feet in diameter, with a small 

i&agiietic needle, moving on a gra- 
duated circle, at its centre. When 

^e needle is small compared with 

^ ring, it may be assumed that 

^e needle in any direction it lies 

Aolds the same relative position to 

^ disturbing power of the ring. 

-^ being the case, the strengths of 

^^ffrents circulating m the ring are 

Proportionate to the tangents of the 

^ks of deviation of the needle. Fig. 

82 shews how this is proved. Let 
MM be the magnetic meridian, or 
the plane of the ring, NS the needle, 
T the horizontal magnetic force of 
the earth acting parallel to the meri- 
dian, C the force of the current in 

the ring acting peipendicular to the meridian, and d the 
angle of deflection of the needle, ALM. T, represented 
by line ON, and by BN, must be resolved each into two 
forces acting in a line with, and peipendicular to, the 
needle. T is resolved into ND and NE, and C into NG 
and AN. The perpendicular parts, GN and ND, must be 




Fig. 81. 
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currenta. 

eumat, in 

almoet noi 

•0 that it 

■trengthi o 

article 132, 

the earth'* nmgnetism at the place of obeervsition is kiunnii 

the indicatioiu of the tangent galvanometer give the strengtbg 

in abBolnle electro-magnetic nnitB. The determination of the 

horizontal intensity requires care and fitUL B7 coupling the 

indicationa of the galranometec with those of the voltameter, 

M (hewn in the next paragraph, we have an easier way of 

ivncbing absolnte results in ^ectronihemjcal units. 

ftO. VoltameltT. — This waa invented by Faraday for test- 
ing the strength of a current Fig. S3 shewa bow it may be 
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nstfucted. TwoplatimimpIfttK,eachabouthairaaqiMre 
uze, are placed in a bottle containing water acidulated with 
Lphuric ecid ; the plates are soldered to wires which pass up 
rough, the cork of the bottle ; binding BcrewB are attached to 
e upper ends of these wires ; a glass tube Jixed into the cork 
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wvte to dischatge the gas formed within. When the binding' I 
tieire are connected with the poles of a battery, the watM 
B the bottle begins to be decomposed, and hydrogen and 
^ygen rise to the surface. If, now, the outer end of the 
ludifligiiig tube be placed in a trough of merouij {mercury 
•M not dissolve the gases), and a graduated tube (fig. 84), 
kowise filled with mercury, be placed over it, the combined 
lies rise into the tube, and the quantity of gas given off in a 
wn time measwet the strtngth of tht eicmnt. The unit 
iDent may be taken as one which ia capable of giving clF 
le cubic centimetre of gaa per minute. The voltameter 
looses as a test the work which the cuirent can actually 
nbna, and eatablishes a uniform etandard of comparison. 
lie indications of the tangent galvanometer, as taken above, 
e comparable only with its own ; but the quantity of gas 
•chaiged by the voltameter, corrected for pressure and 
mperature, is something quite absolute. However, by 
mparing the indications of both instruments with each 
ber when placed in the same circuit, an absolute standard 
tj likewise be got for the tangent galvanometer. If, for 
nance, the cnirent given by a battery should give 60 cubic J 
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centimetres in a minute, as shewn by the voltameter) odiI 
produced at the same time a deflection of 45** in the galTao: 
ometer, the ratio of 60 to the tangent of 45' — viz., 60 to 1 = 
60, is constant, for correct measurements of the strength of 
currents, however taken, must bear to each other a oonBtant 
ratio. If the angle of deviation for another current be 30*, 
we have therefore only to multiply 60 by the tangent of 90', 
to ascertain the amount of gas that would be liberated bft 
current of that strength in a minute. Thus, let x = qnantitf 

of gas with a current deflecting the needle 30", then — s 

tan. 30^ ^ tML30 ^^^^^ x = 60 tan. 30* = 34-6 cnWc 
tan. 45 1 

centimetres of gas per minute. We are not to condnde that 
tlie electromotor that gives off this current would be able to 
effect so much decomposition in the voltameter ; but we an 
told that if it could send through it a current of 30', sacli 
would be the amount of explosive gas ; or rather, in uy 
voltameter through which a current of 30*", according to tbis 
nartioular galvanometer, is passing, the chemical decompoA- 
tion equals 34*6 cubic centimetres per minute — a perfectly 
general measure. This found, we know the meaning of a 
deflection of 30° of the galvanometer in question in a perfectly 
comparable standard. The plates of the voltameter must be 
small, for when they are large, a small quantity of electricity 
is found to pass without decomposing the water. It is foundf 
also, that a minute quantity of the oxygen forms peroxide of 
hydrogen (H^Ot) with the water, and remains in solution, bo 
that when very great accuracy is required the hydrogen alone 
ought to be measured. 
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Resistances to the Current— Obm'a Law. 

ResiHtanosa to the Current. 
91. It h foimd thut the dimensioaa ami material of mh- 
FrtBiicea inoiuJed in the circuit exercise an important 
I ixifluenoe on the strength oE the cuiTent. It ia of thu 
L Kreatest importance to ascertain the relative amount of 
the Tesistaiice offered hy conductors of varioufi forma and 
wuaerials. The rheostat, iuvented by Wheatstoiie, ia generally 
employed for this purpoae, and for this object ia conatructed so 
U to introduce into, or withdraw 
a eonsiderahle amount of highly 
Miijting wire from, the circuit 
irithout stopping the current. It 
ia ihemi in fig. 85. Two cyUii- 
den, C, C, about 6 inches iu 
length, and IJ inch in diameter, ^ 
Be placed parallel to each other, | 
lioth being movable round their " 
Uei One of them, C, ia of Tig. aj. 

bus, the other, C, ia of well- 

iaed wood. The wooden cylinder has a spiral groove cut into 
i^ nuking forty turns to the inch, in which is placed a fine 
>Mtallic wire. One end of the wire ia fixed to a bras* ring, 
which is seen in the figure at the further end of the wooden 
q'linder ; and ita other end is attached to the nearer end (not 
ieen in the figure) of the brass cylinder, C. The brass ring 
jort mentioned ia connected with the binding screw, S, by a 
ittoog metal spring. The further end of the cylinder C has 
» mnilat connection with the binding screw, S'. The key, H, 
fits the projecting staple of either cylinder, and can conse- 
qoently turn both. Aa the brass cylinder, C, ia tnmed in tbe 
ttme direction aa the hands of a watch, it uncoila the wire 
from the wooden cylinder, C, making it thereby revolve in 
the same way. When the wooden cylinder is turned contrary 

eada of a watch, the reverse takes place. The number 
tions is shewn by a scale flacei \iftV«e«ft. "Sq* ^Mti, 
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and the taction of a revolution is shewn bj a pointer moviiiii 
on the graduated circle, P. When the binding acrewa, S U ' 
&', aie included within a circnit, say S with the +, u 
S' with the — pole, the current passes along the wire, » 
the wooden cylinder, C, till it cornea to the point whei« 
the wire croeiieB to the brass cylinder, C ; it then passes up 
the cylinder C to the spring and binding screw, S'. lie 
resiBtancA it encounters within the rheostat ia met Didy ii 
wire, for as soon aa it readies the lai^e cylinder, C, the noA- 
ance it enconntera up to S' naay be considered as nothing; 
When the rheostat is to be uaed, the whole of the win i> 
wound on the wooden cylinder, C, the binding ecKwa a. 
into the circuit of a constant cell or battery along with a gil- 
Tanometer, astatic or tangent. If, now, the resistances of 
wires are to be tested, the galvanometer ia read before the £nt 
is put in the circuit. After it is introduced, in conaeqoentt 
of the increased resistance offered by it, the needle &lls bsc^ 
and then aa much of the rheostat wire ia unwound as will bring 
the needle back to its former place. The qnantity of 
thua uncoiled in the rheostat is shewn by the scaJes, and i» 
manifestly equal in resisting power to the introduced n" 
The first ia Ibeu removed, the rheostat readjusted, and the 
■econd wire included, and the same unwinding goes on U 
before. To fix our ideas, let the quantity of wire unwonndin 
the first case be 40 inches, and in the second case 60 inches; 
40 inches of the rheostat wire oifer as much resistance to llis 
current as the iirat wire, and 60 inches of it aa much aa the 
second. We have thua 40 to 60 as the ratio of the resistaneea 
of the two wires. The wire of the rheostat, from its limitrf 
length, can only be comparable with amall reaistaneea; Mid 
where great resistances are to be measured, large bobbing of. 
insulated wire called reiiiiance coils, whose Tesistancea hftvs 
been ascertained, are introduced into the circuit, or remoTrf. 
from it, as occasion requires, leaving to the rheostat to ^ve, 
as it were, only the fractional readings, 

92. The general principles of the construction of a rheostat 
being understood, it will be easily understood how the follow- 
ing results have been ascertained. It ia proved, for instance,.. 
WtiiU the reaiitanCM o/ iriies aj t!u Eamt •mal.tvval, and of uniform ! 
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tltichiess, are in, tJte direct ratio of fhdr le'igtks, and in tht in- 

verte rofiu of the squares of their diameieri. Thus a wire of 

a certain, length offars twice the resislauce of its half, thrice of 

I its third, and bo Forth. Again, Vfiiea of the same metal, whose 

' diametera stand in the ratio of 1, 2, 3, &c., offer reaistanoea 

"vhich stand to each other as 1, ^, J, &c ; therefore, the longer 

I the wire the greater the resistance, the thicker the wiie Iha 

le« the resistance. The aame holds true of liquidi, hut not 

I "with the same exactness. For thiii reason, the larger the plates 

j «t a galvanic pair, aud the nearer they are placed to each 

«th£r, the less will be the tesistance offered to the current bjr 

the intervening liquid. The following tahle, constructed by 

Ed. Becqnerel, g^ves the ipecific resistancei of some of the more 

cammon substances, or the Tesistance which a wire of them, so 

to speak, of the same dimensions offers at the temperature 

W° F. : Copper, 1 ; silver, "9 ; gold, 1-4 ; zinc, 37 ; tin, 6-6 ; 

iron, 7-5 ; lead, 11 ; platinum, 11'3 ; mereury (at 57°), 50-7. 

li'or hquids, the resistances are enormous as compared with the 

metals. With copper at 32^ F. aa 1, the following liquids 

■Itiul thus : Saturated solution of the sulphate of copper at 

ki' F., 16,895,520 ; ditto of chloride of sodium at 56' F., 

1,903,538 ; sulphate of zinc, 15,681,267 ; sulphnric acid, diluted 

to ^ lit 68" F., 1,032,020 ; nitric acid at 55" F., 976,000 ; dia- 

aied water at 59" F., 6,754,208,000. 

If such be the resistance of distilled water, which is a con- 
ductor for frictional electricity, how inconceivably great in 
comparison must be the resistance of those substances which 
ire non-condnctora to it. 

93. The eonducling -power of a substance is inversely pro- 
portional to its resisting power, the more it resists the worse 
it conducts. The list just given therefore gives inversely the 
conducting power of the substances mentioned, so that taking 
the conducting power of silver as 100, we get that of each of 
the otiier substances by dividing 90 by the resistance of that 
metaL Instead of giving Becquerel'a conducting table, we 
may give Mathiesson's more recent determinations (1858). In 
the following table the first column gives the conducting 
power of the metals for electricity according to Mathieasen, 
and the second column their condiirtYn^ -^o-ww. list V'si^ 
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according to Wiedemann — silver, the fctaiidard, king 
100: 

COITOTCTIHO POWBR 07 MEIALS. 













BilTOr, . . 




FlittiDuni, . 


Iilelly. 


U«lL 


100 


100 


10-5 


m 


ST'. •. 


77-* 


73 '6 


Lnd, . 


7-7 


M 


CS-2 


53-2 


German SUver, . 


7-7 




Sodium, . 


87-* 




Antjmon;, . 


4-3 




Alnmmom, . 


33'8 






1-S 




Zinc,. . 


27-* 


28-1 




1-S 




Pottwum, . 


20'S 




QnphiU, . 


■Ota 






11'4 


I'l'O 


0» Coke, . 


■ose 




Tin, . . 


ll'i 


IS 


Bunsen Coke, . 


■03S 





The different determinations of the conductiTity of natal 
agree generally as to order, hut differ bs to precise namtcR 
This arisea from the difficulty of getting metols in tiiB fan 
Blttte of purity or haninees. The alighteat admixtaie of 
foreign metal altera the conducting power decidedly ; 1 JK 
cent of iron in copper wire increSBEa the resistance more tlm. 
25 per cent, and a trace of arsenic 66 per cent. MsthieiKa 
has feund that the relative conducting powers of the TaneU 
Bimple metals remain the same at tenipenitures lietween 1 
and 100° C. Metals at 100° C, compared with themselTa it 
0° C., lose about 30 per cent, of conducting power. In tJn; 
case of iron only, it is 36 per cent. Annealing improvea cin- 
ducting power. Gemun silver is well adapted to twdetwio* 
coils, because of its specific resistance, and because its condDC^ 
ing power is affected to a slight extent (4 per cent) betvetBJ 
1° and 100° C. Nun-metnllic substances generally impiW* 
in conductivity aa they rise in temperature, t 

94, Unit of iiesiifaiMe.— Various unita of resistance luW* 
been suggested, such as a certain length of copper or otfas 
wire of a certain thickness, but the difficulty in all sudi castf 
is, that specimens of wire are seldom fonnd of the Eame purit)! 
or structure, so that the results in one case are not comparabll 
with those in another. The British AssDciatioii of ISSIj 
following a suggestion of Weber, that an electric KmstanH 
might be expressed as an absolute velocity, or aa s lengtt 
dirided by time (130), maefc1ui.era.-5 dl ■&% -Mtane of Ihf 
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Bubstance offering it, have ^reed upon an ideal absolute 
itaudard, ivhioli, according to the perfection of the means of 
observation, they will be able materially to express. This is 
called the B. A. Unit of reiixtance 1864, or on Ohmad (from 
Ohm). The fulloning t&ble will give an idea, of its physical 
meaning, according to present means of reaCsing it. It ia 
expressed in E. A. units : 

B. A. Unit (1S61.)— A veloMty of 10,000,000 mettes 
per EBcond, 

Siemena'a Unit. — A mlnmn of pure mercury, 1 metre 

VarlBj'a Unit — One mile of ordinary copper wire 
(perhaps mora correctly of a oertain copper wire), 
iVtlmt an inch in dianiEter(No. 18 nirel, iitSO* F., 

Diguey'a Unit. — One kilometre of JroQ wire, * milli- 

The following nnitB are need by variona observers. 
Their value in B. A. Unita U detennined by Dr 
JlathieEsen {Phil. Mai/. 1865) : 
A wire at 0' C, of 1 metre length, and 1 millimetre 
diameter, of— 

Silver (pnre, annealed), O'OIBST 

Copper (pnre, annealed) O-02O67 

German Silrer (preased), 0-26B5 

According to Mathiessen's Buggestion, the B. A. nnit is 
embodied in a platinnm-Bilver alloy, containing 66'6 per cent. 
of sHver, whose conducting power is fi"?, and loses only 3'1 
per cent, of condacting power from 1° to 100° C. It has, 
moreover, this advantage, that it doea not, as German silver 
Bometunca does, alter its condncting power after long use. 
The repeated heatings caused by the passage of the current 
tend to anneal the wiie, and lessen its resisting power, bnt this 
does not affect the alloy in question. Copies of the B. A, unit 
in a mire of this alloy are issued by the Kew Obsen-atory. 

Ohm's Law. 
95. Ohn^s Lain. — This law is singnlarly in accordance with 
experimental lesulta. It assumes that the electro-motive force 
for a particnlar galvanic pair is constant, and that the strength 
of the cnrrent it produces is the quolieiA, ■w\i\i\\. wiwA\» tesm. 
dividing it by the resistance of tte circuit. Ti^aa w^i*as«»i 
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arises from two sources ; the first being the resistance within 
the cell offered by the exciting liquid, and the second the 
interpolar resistance. If e represent the electro-motive force ; 
/, the resistance within the cell; Wy the interpolar resiBtanee; 
4ind S, the strength of the current, or the quantity of elec- 
tricity actually transmitted, the statement of the law for one 

couple stands thus : S = j • The application of the law 

in a few particular cases will best illustrate its meaning. H 
we increase the number of cells to n^ we increase the electio- 
motive force n times, and at the same time we increase the 
liquid resistance n times, for the current has n times as much 

of it to travel, then S = -^ . K w be small compaad 

with nZ— that is, if the external connection be made hy a 

w ' 

short thick wire — it may be neglected, and so ^^rj^f 

This shews that one cell gives in these circumstances tf 
powerful a current as a large battery, and that the increased 
electro-motive force is expended in pushing the caireD^ 
through the liquid in each celL But if nl be small vith 
respect to w — as in the interpolar circuit of an electric 

telegraph battery — nl may be neglected, and S = — . Heie 

we learn that the energy of the current increases directly as 
the number of cells. We may learn from the same that th® 
introduction of the coil of long thin wire of a galvanometer 
into such a circuit, introducing but a comparatively small 
increase of resistance, causes a very slight diminution of the 
current strength. I^ again, we increase the size of the plates 
of a galvanic pair n times, the section of the liquid is propor- 
tionately increased, so that whilst the electro-motive force 
remains the same, the cell resistance diminishes n times; 

therefore S = , , or S = -. . If the exterior resistance 

l + w 1 + nw 

n 
15 small, nw may be neglected, and S = -j' ^^^ ^^^ strength 
23 thus shewn to increase u lunaa. 
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96. AppliccUion of Ohm's Law. — To apply Ohm's law 
practically, we most have some means of measuring the 
strength of the current S, and the resistances I and w. These 
ascertained, we have data sufficient to determine e. The instru- 
ments which serve for this object, already described, are the 
tangent galvanometer and rheostat If we are contented 
with relative results, the simple indications of the galvano- 
meter, and the resistance offered by any length (fixed on as 
a unit) of the wire we use for the rheostat, will serve our 
purpose. But if we wish absolute results, we must, in the 
iiist place, include our galvanometer and a voltameter in a 
circuit of several cells, and compare the indication of the needle 
with the cubic centimetres of gas given off by the voltameter 
per minute (90). In the instrument that we use let the volta- 
meter give off 30 cubic centimetres, while the needle indicates 
a deflection of 26^° (tangent = '5 or 4 nearly). By simple pro- 
lx)rtion, we find that if it gives off 30 cubic centimetres at 
264°, ^^ '^'^ &^^ off at 45° (tangent = 1) 60 cubic centimetres. 
To express the Indications of our tangent galvanometer on an 
absolute standard of measure of gas, we have therefore to 
multiply 60 by the tangent of the angle it may indicate. 
In the second place, we must ascertain what length of the 
wire we use corresponds to a well-known unit of resistance, 
say the B. A. unit Thus furnished with an absolute measure 
of current and resistance, we may take as a unit of electro- 
motive force that which can generate one cubic centimetre 
of gas jper minute in a circuit of a B, A. unit of resistance. 
Having connected the poles of the cell to be examined 
-with the galvanometer by short thick wires (so that the 
interpolar resistance may be left out of account), we find the 
angle to be 51^° (tangent = 1*25). The strength of maximum 
current is 60 X tan. 514- = ^^ cubic centimetres of gas. 
Include now one miit of the rheostat wire into the circuit, 
the angle fells to 124° (tangent = -22 = f). The strength of 
the current is now 60 x tan. 124° = I34. In the first case, 

the interpolar resistance, w, is nothing, therefore 80 = -7 ; in the 

e 
second, 13J- =- ^ j . From these two equaWons^ \^ i^or^r^ 
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that ly the liquid resistance within the cell, is % or ^th of a 
B. A. unit, and that e, the electro-motive force, is 16--thAt is, 
in a circuit whose resistance is one unit, the electro-motive 
force would be able to disengage 16 cubic centimetres of gas 
per minute. The same might be found for a batteiy of 
several cells in the same way, only more resistance maalt hi 
included in the circuit to reach accurate results. 

Suppose now that we have nine cells similar to the one just 
discussed. Let us, for the sake of simplicity, suppose that tiiey 
are exactly equal, and that results come out exactly in accord- 
ance with Ohm's law. Practically, this never takes places 
but the discrepancies can be easily accounted for, as they 
originate in the apparatus, or faults of observation, and not in 
the law. Practical results, however, are so near the law as to 
leave no doubt of its truth. Let us ascertain how these sine 
cells would act when differently put up. One cell, when w^Of 
gives a current 60 ; when to » 1, a current 13^. Instead ef one 
tmit of resistance, interpose say 15, so as to make up the total 
resistance of the circuit to 15*2, or 76 times the liquid resist- 

ance of one celL In this case, S = -— — = 1*05. To find 

15*2 

that such is the case, we refer to the galvanometer, where 

we find the needle at V. Now, 60 x tan. 1** = 1-05 

nearly. Let us now put up the nine cells in succession, 







Fig. 86. 

as in fig. 86. Here the electro-motive force of the whole 
battery is nine times that of one cell, or 144, and the 
resistance of the whole is also increased nine-fold, or 
9 X "2 = 1*8, as the current has in the compound cir- 
cuit to traverse nine times the amount of liquid it has in 

144 
one. Thus, S = -^^^ — --- = 8*6, more than eight, and nearly 

I'o -j- lo 

nine times the current that one cell can transmit. The galvan- 
ometer will confirm this resAxW, «a m ^^ \rEfc'si\ss'Q& ^s^shl 
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Tnatead of tlie tensioa-Brrangeineiit just invcstignted, let us 
hast a guantity-airaiigement of the cells m iu li^'. ST, The 



"Wne til 



■motive force is not increased, bnt the re«istance is nine 
ihed, seeiag that the whole acts as one cell of 



times the surface. Here S = 



t-15 






JiUle more than that given by one cell. Again, put np 
the nine cells as shewn in fig. 68, where we have three 
^tteiies of three cells each, each joining to form one ciirrent, 
the Tshole acting as one battery, with the plates three times 



= 31, 



about three i 



f 15 






CTirent of one celL Before a large resistance, the surface 
it Ijeat employed by being cut up 
into small cells, arranged aucceesively, 
llianbyhavingafewlargecells. Before 
a nnall resistance the reverse holils. 
The maximitm effect is got when the 
totalliquid resistance iHthin the battery 
i» equal to the external or interpolar 
Ttiutanee. This, of course, is only 
practicable when the interpolar resist- 
ance is less than the resistance of all 
the cells pat together. 
When continuous work has to be done by a battery, the 

of the plates or cells must not be too small, as small ceUa 
_ little zinc and acid soon become eihauated. Large 
not before great resistance give a attongpr cturent 

; anall cells, but they continue in artitn\ ^<5t o. 




Tig. 88. 
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time. Tlie quantity, theiefoie, on the whole, that a luge edl 
^vcd is greater than that of a small cell, although the qiiia% 
made to flow by it at a time may not exceed that of the oiU 
celL 

97. When cells differing both in electro-motive fioroe md 
li([uid resistance are put up successively, we have to add lU 
the electro-motive forces for the electro-motive force, and ill 
the resistances for the resistance of the battery. Thiu^ if ve 
had six cells with the electro-motive forces 9, 8, 7, 10y6^U» 
and the resistances ^, ^, ^, ^, ^, ^, respectively, the total 
(4ectro-motive force would be 52, and the total resistance % 

52 

and we should have the formula S =» ^ . K the last two 

2 + 10 I 

happened to be reversed and acted in the contrary way, ti* ' 
furmula would be S = -—- , the total liquid resistanc* 

being the same as before. 

98. Derived Currents, — Let np (fig. 89) be a rheomotor whoK 
circuit is completed by the wire pctcbn, at a and b attach another 

wire, so that from a to 6 another 
course, adh, is made from a to 
6, then the following terms are 
applied. The current which 
originally passed through padfl^ 
is called the primitive curren^l 
that which passes through the 
circuit, including tlie additional 
branch, the principal currenU; 
that part of the principal cur- 
rent which traverses the course 
ach from a to h, the partial current; the other part of it passing 
by adbf the additional course, the derived current ; a and h are 
the points of derivation, the wire adb the derived wire, and the 
course ach is the interval of derivation. The principal current 
must be stronger than the primitive current, because the 
additional wire from a to & lessens the resistance of the whole 
circuit It is found that the current passing in the two wires 
is exactly equal in amount to thai '^aasmi^ in. the undivided 
wires, pa and 5n, and that t^ie ipas\a oi VJiaa ^t^xl^v^ cs^urk^ 
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passing in acb and <u2& are inveisely proportionate to the 
le^stance each, offers. Thus, let the principal current be 24, 
the resistance of the interval of derivation 5, and of the 
derived wire 3, the partial current will be 9, and the derived 
current 15. The same would hold if there were more than 
one derived wire. 




The Physiological, Heating, Ltuninous, and 
Electrolytic Effects of the Galvanic 

Cnrrent. 

These are developed by the current in its path. 

99. The physiological effects, as shewn by the convulsions of 
Galvani's frog preparation, were the first observed manifesta- 
tion of the current Fig. 90 shews how these convulsions are 
obtained. The legs of 
a recently killed frog 
are skinned, and the 
crural nerve laid bare. 
A zinc wire, BA, holds 
up the nerve at B, and 
a copper wire, EA, is 

made to touch the legs ' Fig. oo. 

at E and D. Each 

time that the zinc and copper wire is made to join at A, 
the limbs are convulsed, and the contraction of the muscle 
throws the legs out to the position ff. Frog-limbs, as 
prepared by Galvani, when included in a circuit, form 
a galvanoscope of excessive sensibility, which rivals the 
finest galvanometer in delicacy of indication. There is one 
peculiarity in their action which deserves to be noted. The 
limbs contract only when the circuit is closed and opened, and 
remain undisturbed so long as the current passes steadily 
through them. The more frequently, therefore, the cuixent 
is stopped and renewed, the greater is the physiological effect. 
The same is experienced when a current is passed through the 
htanan body. When the terminal wires of a "battery axe\&iftj^L 
one b^ each hand, except it consist of a very \aT§<fe xv\rcc^:iet <A 
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cells, almost the only sensation felt is a slight shock on como 
pleting and breaking the circuit Du Bois Beymond, the 
great authority on animal electricity, states that the nerves of 
motion are afifected only by changes in the electric tension of 
the current, whereas the nerves of sensation, so fEur as they are 
affected, are affected not only by these, but also by the steady 
continuance of the current, and that the excitation of the 
nerves dependent on the changes of tension increases with 
their frequency and suddenness. Frictional electricity in this 
way owes its superior physiological power to the instantaneous 
nature of its discharge. It is only currents of great tension 
which can be felt by the living subject The poles of a 
battery of 50 Bunsen cells, capable of giving a brilliant eleotric 
light, for instance, may be handled without much incon* 
venience. This may be attributed partly to the non-conduct< 
ing nature of the skin. K the current enter the body by a 
cut or wound, the sensation is affected even when the cunent 
is weak. The physiological effect is also much heightened Iff 
moistening the hands with salt and water, or by holding 
metal handles instead of wires, so as to improve the conducting 
connection. Another cause of this insensibility may be 
attributed to the fact that the current is not restricted, as it is 
in part of the frog preparation, to the nerve, but passes 
through all the conductors of the system. The nerves of the 
palate and of sight can be affected by a very feeble current ; 
those of hearing by a battery of some 30 cells. If two strips 
of silver and zinc be placed the one above, the other below 
the tongue, and be made to touch, a peculiar taste is experi- 
enced ; when the strips are placed between the gums and the 
cheeks, and joined, a flash of light accompanies each junction. 
Again, when the poles of a battery of 30 cells are inserted 
into the ears, a continuous noise is heard. 

100. Heating Effects. — "When a current passes through thin 
wires, an intense heat is produced, sufficient, when, strong 
enough, to bring them to a white heat and to fuse them. 
Experiments on the heating effects of the current are made by 
an apparatus such as that sketched in fig. 91. B is a bottle 
filled with alcohol (wliich is non-conducting), and closed with 
fi cork. The thick wires, u, j, -^asam^ V!tctQv\^ t\ift cork, aie 
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Tw; tiio. delicate 



connected with the poles of a battery, ond witMii the bottle 

Umj are joined with a thin Bpiral wire, Ufuw ; i is a delicate 

thennometer. When the circuit ia closed 

the heat developed in the wire ia com- 

nimirated to the alcohol, the temperature 

of which ia nhewn by the thermometer. 

Il a found that if the wire wima he kept 

tiiQ fsme, or of the same resistaoce, the 

heat developed is in proportion to the 

square of the strength of the cnrrent. 

Tliiis, if B current of strength, say 30 

TDiita of go3, aa shewn by the tangent 

gslvanDmeter, raise the contenta of the 

'wttie 1° ill a minute, a current of twice 

the strength, 60 imita, would raise it 4" 

la i minute. Agtun, if by means of a rheostat, by which 

ledatance can be introduced or withdrawn from the circuit, 

'116 strength of the cnrrent be kept at the same point, and 

wiiM of diiferent reaistance be put into the bottle, it ia 

foimd that the heat developed ia proportional to the reaiat- 

•BM of the wire. Thus, suppose that with a wire offei^ 

lug B resistance I, the contenta of the bottle are raised 1' 

per minute, with a wire resisting 2, and the same current 

strength, the increaae would be 2° per minute. Hence the 

iwf developed in any conducting mre by an electric current is 

fnpoTtional to the squares of Ike strengths of the current, and to 

Bit Tuistance offered by thi wire. 

Knowing the strength of the current, the resistance of the 
wire, the weight of alcohol, the increase of temperature in a 
given time, we may determine the heating powers of the 
carrent If the thin wire offer one B. A. unit of resiatance, 
end the strength of the current be 20 electro-chemical 
nnita, the heat given off will be sufficient to raise 482 
grammes of alcohol 1° C. in a minute. The same heat would 
uiM only 337 grammes of water 1° 0, for the specific heat of 
llcohol ia -^thM of that of water, A current of unit strength 
irill, according to the above rule, produce only lioth part of 
this, or '64 gramme raised 1° C. According to the law 
•tated aboTe, the Iieatiiig effect depoofe Qn. I^i.^ t'WKH'^ <i\ 
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the coneiit and the mutaiN. Henee a enmnt of • 
•trengtli win hett up «iij kngih o£ a thinwiie to tba 
amoiuit if the eiuxoit be kept flfc tlift Mme pointL lUii 
us the meamof eitimating loqg^ily the etrengliheofi 
Coirents whidi eaa nia^ a wiie o£ a eertain 
thickneie to a certain heat^ aay a led or a wliito.]ieal^ 
of the tame itrength, the length of the wiie heated 
criterion of strength, though it may be o£ eleetKHnotifei 

A very pretty illoftration of the &ct that the heat < 
is proportional to the renatanoe eneoantered, ia ofl«nd 
chain, the alternate linka of which axe made of tSLm 
platinmn. When a cnnent of anfBcient strength 
through the chain, the silver links remain Uaek whik 
platinum links become red-hot 

The application of the heating powers of the eonenl 
igniting gunpowder in mining, ta^ is detailed in 
Practical Applications of Current Eledaicity. 

101. Oakamc £^NidL— When the wires connected with 
powerfiil galYanic battery axe brougjit together, no 
passes except they are made to touchy or nearly sa On Ailil 
separation, a brilliant spark takes place, due, as we dHU l^i 
afterwards find, to induction (119). According to Sb WiDkn 
Thomson, a battery of 5000 Daniell's cells could not origbiiti 
a spark, if its poles were placed ^th of an inch apart In 
Gassiof s water battery of 3520 well-insulated cells, a spaik 
passed when the poles were brought to *02 of an inch, and con- 
tinued to do so uninterruptedly for weeks and months togethsL 
When the galvanic spark is examined with a microscope^ it 
is found that the light only appears at the — pole. The 
electric light, the most splendid exhibition of the lifting 
and heating power of the current, will be described under 
Practical Applications. 
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102. ElectTolym (from electro, electric, and lysii, a dia- 
Igagijig) is the term used hj Faradaf to designate that 
^Uich. of the. science of galvaniam which treats of the laws 
»d conditions of electro-chemical decomposition. As this 
scompoaitioa is generally attended by electro-chemical com- 
Ination, it is sometimes difficult to distinguish electrolysis 
Om the more general fiubject of EUctro-etwrnistry, which 
QbraceB all chemical changes resulting in or from the 
tlvanio current. Electrolysis is generally understood to treat 
' the chiingea effected in a substance subjected to, but not 
ving rise to the current 

Faraday's NoTiienclature. — A suhstance capable of decom- 
asition by the current is called an electrolyti (something 
nbound by electricity). The poles — viz., the wires, plates, or 
le like — by which the current enters and leaves the electro- 
Fte are called electrodes (electric ways, from hodoe, a way), the 
- pole being called the anode (ana, up, and hodos), and the 
■ pole the cathode (eata, down, and hodos). The ccnatituents 
ito which the electrolyte ia decoraposed are called iom (from 
in, going) ; the electro-positive substances, or those going to 
le cathode, are called cations; and the electro-negatire sub- 
Ances whiiih go to the anode are calkd anions. To electrolyse 
gnifies to decompose by electric agency. 

General Character of Eledralytcs. — No substance is decom- 
oaed by the current bo long as it is in a sohd or gaseous 
Ate, and it must first be brought to a liquid state, cither 
y solution or tusion, before the current acta on it. There 
!« Bome unimportant exceptions to this. The passage 
[ electricity through compound gases in a state of great 
irity, OS in the so-called vacuum tubes, frequently separates 
lem np into their constituents. The electric spark in air 
Teots the combination of oiygen with nitrogen ; nitric acid 
sing produced. Electrolytes must be chemical combinationi, 
I these only can be decomposed. Metallic alloys, when 
ised, though they conduct the current, are not decompoi 
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103. Electrolytes are reiolved under the Mtian of the cwrrent into 
anions and cations, which appear at their respective electrodes in 
the proportion of their atoTiUc weights or multiples of their atomic 
weights. The action of the cunent on one or two sobfltances 
will best illustrate the meaning of this law. 



Electrolytes. 


Composition. 


+ 
Cations. 


Anions. 


B^UtlTe 
Proportiona 


Hydrochloric Acid, 
Chloride of Sodium, 
Sulphuric Acid, . 
Sulphate of Sodium, 
Sulphate of Ammonium, 
Water, 


HCl 

NaCl 

H„S04 

Na^SO^ 


H 
Na 

H, 
Na, 

(H,N), 


CI 

CI 

SO. 

SO. 

SO4 




1 to 85-5 
28 to 85*5 

2 to 96 
46 to 96 
36 to 96 

2 to 16 



Thus common salt (NaCl) is composed of a simple cation Na, 
whose atomic weight is 23, and of a simple anion, d, whose 
atomic weight is 35*5. Sulphate of ammonium is composed of 
two atoms of ammonium (H4N)2 as a complex cation, and one 

atom of sulphion (SOJ as a com- 
plex anion. The atomic weight 
of ammonium (H4N) is 18, and of 
sulphion (SO4) 96. It will be thus 
seen that chemical formul» give 
the electrical as well as chemical 
composition of electrolytes. In 
acids, hydrogen forms the cation, 
and the acid radical, the other 
constituent, the anion. In the 
salts of on acid, the metal that 
takes the place of hydrogen in 
the acid is the cation of the salt, 
and the other constituent, the salt 
radical, is, as in the acid, the 
anion. 

The decomposition of water by 
platinum plates is always taken as 
the best visible illustration of 
electrolytic action. Fig. 92 repre- 
sents a very convenient apparatus for the purpose. A glass 
haaiR is made so as to admi\i a catV \k^Qr^^ ^i^is^^a^ which 




Fig. 92. 
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B wiics pass liaving slips of platinum plate soldered to them 
TVo glass tube«, open below, are hnng over the 
;, to hooks projecting from an upright support. The 
9 filled nith acidulated water.; and the tubes, after 
g filled with the same, are inverted, and huag with their 
r enda enclosing the plates. When the wires projecting 
mwatds from the Gork are connected with the poles of the 
tery, hydrogen riseB from the — , and oijgen from the + 
rode, to fill each its separate tube. As the decom- 
ion proceeds, twice as much hydrogen is liberated as 
When the tubes are filled, they may be removed 
mined. 

ogen is here the tj'pe of the metals, or other electro- 
e BDbBtances, disengaged at the — pole, and oxygen of 
J) acid and salt radicals, or other electro'-negative substances, 
1 fiee at the + pole. Moreover, the proportions of the 
3 of the two gases being that of their chemical com- 
rolumee, reminds us that, when a body is decomposed, 
■(Components are always separated in the proportions in 
" 'i they were united, vii., those of their atomic weights. 
« tubes of this apparatus were graduated, it would serve 
fet voltameter. Platinum plates are here employed because 
m does not enter into combination with eiiher of the 
that both are disengaged. The oxygen got by this 
B smells strongly of ozone. This shews that the gas, 
0, electrically set free, possesses more than usual chemical 
vity, a characteristic common to the products of electric 
mpositjon. They are set free in what is called their 
ifloMmt ilaU, in which they form combinations with other 
■nhatuices with more than usual readiness, 

Btamdary Adimi. — When the sulphate of copper is decom- 
posed by two copper electrodes, copper is deposited at the 
— pole, and SO^ entera into combination with the copper of 
the + pole, and neither oiygen nor hydrogen is disengaged. 
When platinum electrodes are used, copper is deposited at the 
one and oxygen is disengaged at the other. The reason is 
this, SOi does not enter into combination with platinum, and 
when set free acta on the water in winch. tVe aail \a SiawJ«^, 
' r oxj-gen and sulphuric acid. Ihua, ?0^ \ "S^ = 






The liberation of the OKygen thus arisea bim 
a purely chemical tKtioo, eubseqaeDt t« electrolytic Mtioa 
This ia caUed Seeondary Aclimt, which denotes, as here, the 
ftction of the liberated iona upon the coDstitneuts of the lol- 
renl or substances present in it. Secondary action is irdl 
Ebewn by the apparatus that Dauiell employ^ for the electn- 
lyus of talu. Tbie consisted of a voltameter in which the guo 
wen collected separately, haring a porona diaphragm diTiding 
it into two eompartments. When such an npparatas is flIlBd 
with a solution, say of sulphate of sodium, and subjected to 
the current, oiygsn and hydrogen are set free, as they wtrald 
be in a voltameter like the one described in fig. 9Z. At the 
satne time soda is formed in the cathode compartment and 
Eulphoric acid in the other. The current thus seems to do 
double work ; it appears at the same time to decompose water 
and the sulphate of sodium. This double action must be 
attributed to secondary action. Sulphate of Bodium, Na),80a 
is decomposed into the cations Na, and the anion SO,. Ns» 
in the presence of water, becomes soda, NojO, and liberata 
hydrogen, thus Na, + H,0 = Na^O + H, ; and SO^, acting 
also on the water, becomes, as already shewn, sulphuric sod 
and oxygen. Thus the separation of the constituents ofthB 
salt is due to electric action, and the liberation of oiygen and 
hydrogen to a secondary chemical action. The decompotitim 
of water, in an ordinary voltameter, is very probably dut (o 
meowiary, not primary action. If it be charged with pure water, 
little or no decomposition is effected, even when the battery 
conaista of 30 or 40 cells. On the addition of a few drops of 
oil of vitriol, the gases are disengaged in abundance. It i« 
thus, probably, the sulphuric acid that is decomposed in the 
first instance, end the water in the second. Electrolytic 
action splits up H^O^ into H, at the - pole, and SO, at the 
+ pole ; the former is freed, the latter acting on the water 
becomes sulphuric acid again, and liberates oxygen in the 
way j ust shewn. No sulphuric acid is lost in the operation, 
but it la constantly unformed and re-formed. It is considered 
by many authorities that water never yields directly to the 
current — Ihat it is not, in fact, oa electrolyte. With the 
exception of tie caae o£ fused tWoiiica, aai Vtiea 
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the polea is eaten away, and the other receives a metallic 
deposit, electrolysis is almost always accompanied by second- 
ary action, it being frequently a matter of difficulty to unravel 
the primary from the secondary action in the results. 

When then are leveral eUelTolylti in one decompodng ceU, all 
are more or less acted upon when the current is strong, bnt 
when it is weak, 'the action is confined to the heat conductor, 
or to the one yielding most readily to the current Water, 
the usual solvent, is never decomposed directly when it holds 
aa electrolytic salt in solution, the action being eipended 
excIuslTely on the salt. 

104. fCA^n there are seeeral etectroiytet each in disiiriet cells 
in the same circuU. If, instead of one voltameter included in 
the circuit, we have several, ne find that, whatever amount 
of gas is liberated in one of these, the eame amount ia 
libeiated in all, and that independent of the sixa of the plates 
and amount of acid in each. We learn, therefore, that tha 
chemical power of the current is tfee same at every point of 
tha circuit where it is manifested. If, instead of two or three 
roitameters in the circuit, we had one or two decomposing 
oella of the following description, A teat tube, having a 
platinuin wire, on which the glass has been fused, passing 
through the bottom, is partially filled with protoohloride of 
Ha, which ia kept fused by the heat of a spbit-lamp. The 
platinum wire at the bottom of the tube forms one electrode, 
sad one descending from the top forms the other, dipping 
below the fused chloride. If, then, this cell be included 
in the circuit alo^ with the voltameter, and a similar 
cell containing fused chloride of lead, so that the current 
enters the tubes by the upper electrodes, and leaves by the 
lower, the watfir, protochloride of tin, and chloride of lead 
are decomposed simultaneously by the current passing through 
each. In the voltameter, hydrogen and oxygen are disen- 
gi^ed ; in the tubes metallic tin is deposited at the lower 
electrode of the one, and lead at the other ; whilst chlorine 
b liberated at the upper electrodes of both. If, now, the 
quantity of hydrogen, tin, and lead thus set free be weighed, 
it will be found that their weights are in the proportion of 
their cheaiical eqaival&ots — viz^ as i ta 53 Ui \0'i. "Sw^a. 
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Buch experiments as these, Faraday condoded that when Hu 
current pasdet through a ieries of binary eUetrolyte$, eomUt- 
ing cf one equivalent of each of the elementary bodies, Hu 
quantities of the separated elements of the electrolytes are in 
the same proportion as their chemical eqwivalents. It is not 
only in cellr exterior to the battery that this law holds, but 
in the cells of the battery itsell If the batteiy which effected 
ike above decomposition consisted of six cells, for each eqni- 
TaJent of hydrogen, tin, and lead separated without the 
battery, one equivalent of zinc (= 32) in each ceU would have 
been dissolved, and an equivalent of hydrogen disengaged- tX 
each of the copper plates, if the cells were one-fluid. Hence, 
also, if in any circumstances one cell of say Bunsen's batteiy 
gives a current as strong as two cells of a one-fluid arrange- 
ment, the Bunsen cell would consume but half the zinc con- 
sumed in the other. Hence the economy of cells of great 
electro-motive force. 

Faraday's law holds also for binary compounds whose^ 
elements do not stand in the relation of an equivalent of the 
one to an equivalent of the otHer, but with this modifibatioi^ 
that the weights of the electro-negcgtive elements alone, separated 
in the action, are in the ratio* of their equivalents. Thus, if 
the same current pass through two decomposing cells, one 
containing a solution of the subchloride of copper (CuCI), 
consistibg of an equivalent of copper and half an equivalents 
of ch&rine, and the other of the chloride of copper (CuCy, 
consisting of an equivalent of each, the same quantity of 
chlorine will be disengaged in both, but twice as much copper 
is deposited in the first as in the second. Had there b^ a 
compound of copper with the formula (CuClj) containing an 
equivalent and a half of chlorine capable of decomposition, 
we should expect in the same way that for one equivalent of 
chlorine disengaged there would be }ds of an equivalent of 
copper. Becquerel from such instances expresses Faraday's 
law somewhat to this effect: WTien the same current passes 
through a series of electrolytesy the tpeights of the separated 
anions are to each other as their chemical equivalents. The 
anions here mentioned may be either simple or complex, 
although the law at ftrat laad. x^i^eaR.^ ^^1 ^ elementary 
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Tiina, if one cell contained tribosic pliosphate ot 
a (Na^FO^ in solution, and the other chloride of sodium 
31), one atom of PO^ being equivalent to three of CI, 
I every atom of PO, set free in the one cell, three atoms of 
rould be disengaged in the other. The atomic weight of 
l^iB 95, of 3C1 3 times 35-6 — viz., 106'6. The cations and 
■B disengaged in each cell according to the law (103). 
ic amount of decompoiition. effected by the current is in pro- 
'e current strength. This law has heen already 
' amuned in the diacuseion of the voltameter (90). The 
nccoracy of this law is somewhat compromised by the feet 
that liquids possess, to a certain extent, the power of con- 
ducting, phyaieally, electricity without electrolytic action, so 
that all that passes in this way is chemically lost. For- 
tunately, the error thiia introduced is very small, and can be 
therefore practically disregarded. 

EUctTo-metaU.v.Tgy. — The application of electrolysis to the 
arts will be fonnd in the last section. 



^^^ Chronology of Galyaiiisni. 

105. Tho science of galvanism dates from the close of tlia 
ISth century. In the year 1780, Galvani, in mating investi- 
gations on the nervous irritability of cold-blooded uninmlii, 
discovered by accident that the limbs of a recently killed 
frog, when hung by the crural nerve on a metal aupport near 
an electric machine, contracted convulsively at the recurrence 
of each spark. This he properly accounted for by the back- 
stroke (48). SLi yeare afterwards (1786), in experimenting on 
atmospheric electricity with frog limbs as delicat« electro- 
scopes, he obtained, also accidentally, the same convulsions 
by bringing the copper hook on which the nerve bung, and 
the limb itself, simultaneously in contact with an iron railing. 
The similarity of the result led him to attribute it to the 
game cause — viz, electricity either existing in the limb itself 
or produced iii the condncting ate o£ mM&\. Qti t 
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ation, he adopted the former hypothesiB, and looked upon the 
limb as a aelf-chaiging Leyden jar, with the nerve as the 
brass knob and wire ; the interior of the mnsde as the inner 
coating, its exterior the outer coating, and the metal arc as 
the dischaiging tongs. He first published his resea r ches in 
1791. Volta, 1792, discarded the account given bj Galvani 
of his experiment ; and from the fact that the convulsions in 
question took place with more energy when there were two 
metals in the conducting arc instead of one, attributed the 
source of electricity to the heterogeneity of the metals em- 
ployed. He maintained that at the surfJEu^ of contact of two 
different metals an electric force arising from their hetero- 
geneity is generated, which throws them into different tensioiu. 
This doctrine forms the fundamental principle of the coniaet 
theory of galvanism. In reply to Volta, Galvani proved inconr 
testably that the contraction in the limbs of the &og took 
place when only one metal was employed, and even when the 
conductor was not of metal at alL Subsequent discovery has 
proved Galvani to be partly right in attributing the cause 
of these convulsions to animal electricity, and Volta also to be 
partly right in attributing them to electricity generated by the 
two metals, for both causes may be at work in producing the 
result Fabroni, a professor at Florence, was the first (1792) 
to suggest chemical action as one of the causes at work in 
Galvani's experiment. Volta did not accept of Galvani's 
vindication, but supported his theory by several apparently 
conclusive experiments. In 1799, he constructed, as the 
crowning evidence of the truth of his reasoning, his pile, and 
with it properly begins the history of galvanism. To Galvani 
is thus due the merit of discovering a new manifestation of 
electricity ; to Volta is due the merit of displaying in it a 
source of power of incalculable importance, and which, but 
for his genius, might have remained among the barren curi- 
osities of science. Hence it becomes a question of some diffi- 
culty to decide to which of the two the science owes its origin 
— whether it is to be called Galvanism or Voltaism. Priority 
of discovery has led men generally to decide in favour of 
Galvani, although Volta has almost equal claim to have his 
name attached to. the science. 
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e firsl aacouut of Volta's pile reached Engkiul in a lett'jr 
a Sir Ji«eph Banka by the inventor (1800). A few weeks 
aCterwaids, Carlisle and Niuholaon decomposed water with it, 
and afterwords Beveial salts. They were tlie first to nse 
platinum electrodes. Davy, in the same year, traced the 
electricity of the pile to chemical action. Wollaaton (ISOl) 
reiterated the same theory, aud went the length of attributing 
even frictional electricity to chemical action. He proved like- 
wise the identity of the two electrititiea, and shewed that, by 
diminishing the electrodes to mere points, the electricity of 
the machine could produce the same chemical effects as that of 
the pile. In ISOS, Cruikshank improved the construction of 
the pOe, by disposing the plates horizontally in a trough 
instead of vertically in column. The main features of electro- 
chemical decomposition were discussed by Davy in his famous 
Bokeriaa Lecture of 1606. In 1807, the same philosopher 
obtained for the first time, by galvanic agency, the metals 
potassium, aodimn, barium, strontium, colcinm, and magne- 
sium. Deluo (1809) first made dry piles of gold and silver 
paper, and these were altered and improved by Zamboni 
(1B12). In 1813, Davy discovered the electric light and 
voltaic arc by means of the colossal battery then placed at hia 
disposal at the Royal Institution. CErsted (1620) first observed 
the action of the current on the magnetic needle ; and a few 
montha afterwards. Ampere discovered the law of this action, 
and originated an electric theory of magnets, which has proved 
wonderfuUy fertile in practical results. In the same year, 
Schwei^pr invented the galvanometer. In 1825, Becquerel, 
with the aid of hia differential galvanometer, investigated the 
condactibility of metals. Kemp, in 1826, first used amal- 
gamated zinc for the galvanic battery. In 1827, Ohm gave a 
mathematical theory of the pile, rigidly dednced from Volta'a 
fondomental priuciple, and in perfect keeping with experi- 
ment. Faraday discovered (1833—1834) the definite nature 
of electro-chemical decomposition, and proved that electro- 
chemical and chemical equivalents were identical. In 1836, 
Daniell constructed hia constant batteiy. Spenser in England, 
WidJacobiin Russia, made simultaneouBl3(l&'iTi\.Vft6»i5KiN«rj 
^^Meiectro-metiiUurgy, Grove ^183S) ao'wrt.rasSRi. "wia ^■fcwi 
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add iMittexy. FaxacUiy (1840) proved, appazently hejcmd 
dispute^ the troth of the chemical theoiy. Joule (1840) dis- 
coveied the kw regarding the produddon of heat hj the 
cunent In 1840, CSooper fnggested the use of carbon, and 
Hawkins that of iron, for platinnm in Groye^s hi^teij. 
Smee's battery dates also from this year. In 1843^ Wheat- 
stone, by means of his rheostat and resistance coils^ inTesti- 
gated the resistances offered by varions conducting suhstanees 
to the current In the same year Bunsen introduced liis 
carbon battery. 

The rivalry which has all along existed between the advo- 
cates of the chemical and contact theories has been highly 
conducive to the advancement of the science, each party 
calling in the aid of invention and discovery to support the 
troth of their statements. Among the more dist^iguished 
contact-theorists may be mentioned Yolta, Bitter, Pfafl^ Biot, 
Deluc, Ohm, and Fedmer ; and among the chemical-theoiists, 
Fabroni, Davy, Wollaston, Parrot, De La Bive, and Faiadaj. 
Davy latterly maintained a theory of distribution and eqnili- 
brium of electricity midway between the two, which num- 
bered among its supporters Jceger, Berzelius, Ermann, and 
PrechtL 



ELE CTROD YNAMIC S-ELECTRO-MAGNET- 
ISM-CURRENT AND MAGNETO- 
ELECTRIC INDUCTION. 

These all treat of the aclJon of the current out from its 
path. The first two are closely allied, there being e 
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Electrodynamics. 



Electrodynttmics treats of the mutual altTactions and 
rejnilsioTis of carrents on ourrenti, and currents on magnets. 

106. Oiirrentt on Ourrenti. — The fundamental principle of 
corrent attraction is, t\at pofalkl euTrenti in the lamt direetioit 
attraot, fhoie ia apposite directiaaB repeL In Hg. 93, the action 
in the fiist case is shewn, A denoting attraction. Hence 
corrents, however placed, endeavour to put themselves 
parallel, so as to run the same way. From this inay he 
deduced the second principle rf cmrent-attraction, that cross 



if angular currents attraet icli^n thetj loth run from, or to 
the point of eroesing, hut repel vihen they run the one to, the 
olhtr froTn, the croising-point. The first case is shewn in 
fig. 84 From thia aecond principle follows a third regarding 
currents that are perpendicular to each other, hut do not 
cross each other. Let EF (fig. 85) be a current at right angles 
to the corrent BD, or to a plane through it, o.niletit 
^ear to C, ilia crossing-point. The t\aveti'i.a "SG 
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Fig. 95. 



are of indefimte length, or which is the same thing, they turn 
away from their present direction, so far off that the change of 
direction does not affect their action on each other as thej 

stand. Then, by the second law, 
£F and CD repel, because they nm 
in different directions as r^;ards the 
a crossing-point Let this repnlsbn 

be shewn by the line ac. For the 
opposite reason BC and EF attract, 
and let ad represent the attraction, 
then by the parallelogram of f orcea^ 
the combined effect will be equiva- 
lent to the single force ab^ which is parallel to BD. 
Hence, when one current U perpendicular to another cwrentf 
or to a plane passing through U, the former cu/rrent is moved 
backwards and pa/rallel to the latter when it runs towcardt «<, 
and forwards when it runs from it, 

107. These three laws giye us the means of unravelling the 
various actions of one current on another. The first two m&j 

be experimentally illustrated 
by an apparatus such as that 
shewn in fig. 96. The rect- 
angle cdef is movable round 
the pins a and 6, resting on 
two mercury cups, which 
act as binding screws to 
complete contact The 
arrangement is such that 
while the rectangle cdef is 
^d movable about its axis, 
a current can continue 
steadily to flow in it 
Further description is un- 
necessary, as the diagram 
explains itsell It can be 
Fig. 96. easily imderstood, that a 

wire conveying ^a current 

may be placed, with regard to the different parts of the 

rectangle, so as to illustrate t\xe two toX \a.^^ Tbna^ if a 
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B conveying a downward cntrent be brought near to cd, 
■ to be parallel to it, attraction will take place ; if it be 
mted to fe, repulsion will enaue. A current-wire held 
■ontally with respect to cd can be placed so as to make 
p cnrrenta both tend to the erossing-point between them, 
B opposite, so as to iUustrate the Becond law. It may 
■ 'objected, that in this apparatus we cannot examine the 
B part or the current without also taking in the 
r parte of the rectangle, but these last ma-j be made to 
d comparatively bo far off aa not to affect the main result 
\ The third law may be shewn by an apparatus Buoh 
in fig. 97. A is a small circular trench containing 
/, surrounded by a coil of insulated copper wire, wtc. 
i metal rod, EB, is sur- 
imted by a small cup of 
A light copper wire, 
B poised on a fine point 
cup n, and its lower ends, 
\ dip into the mercury of 
^ tKnch. The circuit is so 
d that the current enters 
I, traverses the coil, parses 
W'BR (connection not sheuTi), 
1 it ascends, at the cup 
Hrt«ring the copper wire it 
iplits into two blanches, de- 
Kends along ab and cd to the 
nercuiy, and leaves finally for 
the battery at o. As soon as ^ig ar 

the circuit is closed, the wire 

hoed enters into constant rotation. In the coil the 
coirent moves contrary to the hands of a watch ; the wire, 
according to the third law, moves backward upon it in 
the direction of the hands of a watch. In the figure the 
horizontal parts of the current Tia and n« are so far above 
the carrent as to affect the motion slightly, if at alL But if 
the upright branches ab and cd were short, so as to leave 
the motion almost entirely to na ani ne, ^tft ■wvm, tKmlJ. 
scill rotate aa before, for the cnnetita ha aci "itt asii ■^iia 
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perpendicular, to the current of the coil, though in a ^eient 
but parallel plane, and both run towards it, thus standing in 
the same relation as before. If the cunent be xeyened, 
the motion of the wire is also reversed. 

109. A curious consequence is considered to follow from 
the second law — ^namely, that since two parts of a straight 
line may be regarded as standing at a very obtuse angle to 
each other with reference to a point in it, any point in the 
straight line may be looked upon as the crossing-point of its 
two parts. As at the point taken we find the one part of the 
current approaching the other leaving it, the two parts of jQie 
current repel each other. Hence the variotu parU of a ewmnt, 
in a straight line, repel each other, Faraday, in illustration of 
this, bent a wire in the form of a horseshoe, and made each 
etid of it dip into a separate vessel containing mercury. The 
wire was partly supported by the mercury, and partly by the 
beam of a delicate balance. When the poles of a batteiy are 
put into the vessels the wire loses weight, from the repidsioiL 
of the mercury conveying the same current as itsel£ Tlus 
experiment, it must be confessed, is not quite decisive, as the 
repulsion may arise from the peculiar action of a fluid on a 
solid part of the circuit. The mutual action of currents oa 
each other was first elucidated by Ampere in 1825. 

110. Currents on Magnets. — The mutual attractions and 
repulsions of currents and magnets will be best understood by 
following Faraday's first experiment on the subject (1821), 

which we shall here 
quote. Let NS (fig. 98) 
be a magnet, moving 
round its centre C, and 
let the round black dots 
represent the section of a 
wire, conveying a current perpendicularly to the needle. 
The upright wire is so long that the wire, when it changes 
direction, has no effect on the needle. Suppose we look 
down on the needle, and that the current is upwaids. 
Then in the positions, A, A', a, a', the needle is attracted 
by the current; in E,R', r,r', it is repelled. At N and 
S, if placed there, the vfix^ -^tcAuc,^ xva ^^<wit, Faraday 
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coDcluJed, from tliia aiugulor action, tint if the pales were 
Axed the wiie would rotate round the north pole in the 
direction BAro, and round the south pole in the direction 
R'AVo' ; and that if the poles were free to move about the 
hied current, the north pole would rotate in the direction 
shewn in the circle NB. Experiment verified this conclusion. 
Before proceeding to detail the manner in which he effected 
these lotationB, we may note the directions in which these 
rotations take place. If an observer be placed at the north pole 
of a magnet, paTalUl to a movable eurrent, to that tht curmvt 
u men by him to Jhv> iipwaxdt, the rotation of the ffiaratt 
rotind the pole icould appear to him to be from right to left ; 
and to an obsrrvtr placed in a Jked eurrtnt, vtith the ettrreiU 
entering at his feet, the north pole of the magntt leauld appear 
to him to laoiie round, him from right to left. This last is only 
another way of stating Ampere's rule. The directions for 
the south pole axe the reverse. The apparatus by which 
Faraday actually effected these rotations was aa follows. 
M and N (fig. 99) are two 
\-easels containing mercury, 
with wires entering them 
below, BO aa to effect their 
communication with the 
polea of B. battery ; & is a 
small powerful magnet, tied 
liy a thread to the wire at 
the bottom ; F is a magnet, 
fixed to the bottom of the 
vessel N ; d is a copper 
wire, hung by a metal hook. 
When thi! current paaaea. Fit. n. 

OB in the figure, the movable 
magnet b rotates round the fixed wire «, and the movable 
wire d revolves round the fixed magnet F, in the direction 
according to the rules just given. IT tlie upper ends of F 
and b be south poles, the rotation of 6 will be in the same 
direction as the hanils of a wat<:b, and of i in the opposite 

111. LaiB of Electro-niagneti': EolalioM.— fiu)t aai ?«sw\ 
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have stated the law of electro-magnetic rotations thns. Tki 
force icith which each element (tmaU part) of a current aete on a 
magnetie pole, eta/nds at right angles to the plans paeemg 
through the element and the pole, and i$ cUwaye inoendi/ 
proportional to the square of the distance. If each be the 
action of a current on a pole, the pole must act in the 
same way on a current This law gives the mutual action 
of a current and one pole, but it may be so placed that 
both poles affect it. The direction, in this case, of the joint 
action of both poles is that of the line of magnetic force at the 
current (2). Hence in any magnetic field, each element of a 
current, when free to m^yve, is urged in a direction at right anglsi 
to the lines of magnetic force. Ampere's figure in the cunent 
(entering at his feet), looking to the north pole, will be urged 
towards the right 

112. Action of the Earth on Currents. — ^The lines of magnetic 
force on the earth's surface are parallel to the dipping-needle^ 
and currents have a tendency to move at right angles to them. 
In order to ascertain the action on any portion of a current hj 
the lines of magnetic force, we have simply to project it on a 
plane at right angles to the lines of force or to the dipping- 
needle. If the line to be projected lies at right angles to the 
dipping-needle, then its projection on the plane will be of the 
same length as itself, and the action of the earth-magnetism 
will be to urge it perpendicular to the lines of force and to 
itself, and in a direction determined by the position of the 
poles of the earth to it. If the line be parallel to the lines of 
force, then its projection will be a point or the section of the 
wire ; and as there can be no perpendicular to such, it is mani- ■ 
fest that the line in this position has no tendency to displace- 
ment under magnetic influence. The force of terrestrial 
magnetism on it is null. A line between these two positions will 
appear shortened when projected on the plane, and the direc- 
tion in which it is urged will be indicated by the perpendicular 
to the projected Hne. The shorter the line becomes in pro- 
jection, the less it is exposed to the displacing influence of 
terrestrial magnetism. 

Let us apply the principles just stated to the case of the 
reroiving wire, fig. 97, vr\ieii \\i^ <ioKi S& ^\aRai out of the . 



XUECTBODTNAMICS. 177 

diciiit Let U8 suppose the lines of magnetic force resolved 
into two sets, horizontal and vertical Mnes, as in art. 17. 
Let US confine onr attention to one half, naby of the wire. 
The vertical lines of force have no influence on the vertical 
part, ba, because it is parallel with them, and its projection on 
a horizontal plane would be a point To na, whatever position 
it occupies in its circle of rotation, the vertical lines will be 
at light angles, and exert their full force on it na rotates 
in presence of the north pole of the earth, which, according to 
our way of speaking, is a south pole ; it will therefore rotate 
contrary to the hands of a watch. Let us now see how the 
horizontal lines act db stands always perpendicular to them, 
whatever be its position. It will accordingly be urged to the 
right as far as it can go, which is in. a position in which it 
lies east of BB. Here it will be in stable equilibrium, and 
it will resist being moved westwards one way or other. In 
this position na would be urged upwards by the horizontal 
lines, which, from its mode of suspension, cannot take place. 
The e£fect of the horizontal lines on na is to* move it down- 
wards in its west, and upwards in its east position, but not 
to interfere with its motion iu a horizontal plane. In the 
position in which nab stands east of BB, it becomes a question 
of strength whether na shall carry it on, or db keep it standing. 
If it is to rotate, db must be made shorter than na. If both 
halves be now taken iuto account, cd and ab will have a 
tendency to place themselves both east of BB; they will 
therefore counteract each other, and leave the motion of the 
wire to na and no^ which will keep it in constant motion. 

On a closed circuit, such as that of flg. 96, the effect of 
terrestrial magnetism will be to place the plane of it at right 
angles to the magnetic meridian. The horizontal parts will 
have no effect The whole will be left to the vertical currents, 
which, passing the one up the other down, will place them- 
selves, ed to the east, ef to the west It is from the conflicting 
action of its parts that a closed circuit, as a whole, cannot con- 
tinue to rotate in a magnetic field. 
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Electro-magnetism. 
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^B Electro-magnetism mclades all phenomena where magnet 
^H ia pndoced bj as electric currenL la the deacnpdot 
^H ftalvmoineteis Rome of the principles of electro-msgn«t 
^P have been alreadf diseiuaed. 

^^ 113. Ampen'i Thtoiy of Ma^Tutitm. — This theory forms 

link between msgnetism and cmrent electricity, and g^vi 

■impte eiplanation of the electric action and cooetitutiot 

magnetB. Ampere coneid^ra that eveiy particle of a laat 

has currents cirenlating about it in the same direction. 

Mctiou of a magnet, according to this theory, is shewn 

fig. 100. AJl the separate • 

/^^^^' /^^^^. rents in the Tarious parti 

^g^^^-. ^^^Bk* "i^7i however, be ctniudi 

" " * ' ^^^^B to be equivalent to one sti 

'•j9 W-' ^^^F o'"'^''' circulating round 

rig^m. ng. itti. "hole (fig. 101). We are 

look upon a magnet, then, 

ft ayrtem, so to speak, of rings or rectangles, placed aide 

■ide, BO as to form a cylinder or prism, in each of t1 

I a current in the same direction is circulating. Be 
magnetisation, the currents run ia different directdona, 
that their effect as a system Ib lost, and the eifecl 
induction is to bring them to run in the same direction. ' 
perfection of magnetiBation is to render the varioua ctun 
parallel to each other. Soft iron, in conaequanco of 
offering no resiatance to such a disposition, becomes n 
powerfiilly magnetic under induction than steel, where a 
resiatance exists. 

Eiperiment very strongly confiniis the truth of thifl thai 
Helicea of copper wire, in which a current ia made to circul 

I manifest all the properties of a magnet. Such are shewn 
(keleton, in figs. 102 and 103. Each convolution of the ep 
may be taken as a substitute for one of the rings above spg' 
of. Inbeiii,6g. 102,theciirTeut,a&eieii.W:-nii?„%t>«ifeQniri 
tp left (coatraiy to the hands oE b. ■ma'WKl , v(&i ^s. Satai^W!. c 
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left-handed ; in fig. 103 U goes with the hauds of a watch, and 
is light-handed. The extremities of both helices act oa the 
magnetic needle like the polea of a magnet wLile the carrent 



passes. The poles ore shewn hj the letters N and S, and this 
1 be easily dednced from Ampere's rule ; for, suppose the 
I little figure of a man to be placed in any part of the helix, fig. 



Elg-li 



th^^j 



102, so that while he looks towards the axis of the helix the 
cnrrent enters by liis feet, and leaves by his head, the north 
pole will be at his left hand, ea Bhewn in the figure. In the 
right-handed helix (fig. 103), the poles are reversed according to 
the Bame rule. Or, if we suppose the figure to lie in the axis 
of the magnet with his feet to the south, and his head to the 
north pole, the current of the helix, or the molecular cuirentB 
of the magnet, appear to him to run from right to left, oi 
contrary to the hands of a watch. In fact, a single ring, aa 
well as a Bystem of rings, conveying a current has magnetic 
Bides, that being north on which the current appears to go 
contrary to the hands of a watch, and that south on which it 
moves with the hands of a watch. If either of these hehces 
be hnng so as to be capable of horizontal motion, which 
by a simple constmction can easily be done, as soon, as 
Oie CQirent is established the north and south poles place 
themselveB exactly as those of the magnetic needle would do ; 
ot if they were hung so as to be able to move vertically 
in the magnetic meridian, they would take up the position of 
the dipping-needle. When the hehces are so hung, the wirea, 
going in a spiral to the end, must he brought back i^ain in 
a Btraight line to the middle. When thej aie mj iyiiaSca.'*ft&, 
they receire the name of solenoids. It ia lQMiii\i^ tT.^eciaBR»i 
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that a Binooua current destroys die eifect of a. siiaiglit cnmitl 
of tht same length aa its aiiB. The loDgitudinal e&ctM 
the solenoid — that is, its aclion in the Ime of ths uii-ilj 
null, OS the effect of the Btraight current going out frgmAl] 
middle it neutralised by that of the sinuous current retan!ii|> 
and vict vertd. The magnetic properties of the solenoid IR 
thus dae solely to iti being a system of parallel cmoA 
Weber has shewn that coils of wire act on each other not ulj 
in kind but in amount as magnets do. 

Ampere's theory explains very satisfactorily wliy like [wIh 
repel, and unlike attract Figs. 104 and 105 shew this. T«D 
north poles near each otiier (fig. 104) have opposite cniKib 
on theit adjoining side, aud Tepel each other in conseqaeots 
(lOG). A north and a south have aimilar currents, and sttn ' 

OO O0 

FlrlM. Fig, lOS. 

If the north pole of a magnet were placed parallel to BE 
in fig. 97, the coil being left, out of the circnit, the rotoli* 
would take plac« as shewn in the figure ; if the Bouth polfl U 
put in the same place, the ntotion of the wire will be reretMs- 
According to Ampere's theory, it may be also easily explaiorf 
why a dosed circuit rests in equilibrium at right angles to the 
magnetic meridian, and why the axis of a magnet which liM 
in the axis of a seiiea <^ ' 
such closed circuits plsU* 
itself in the meridian. Th* 
earth, being a maguet, h» 
currents circulating about 
it, which most be from es* 
to west, the north, pole of 
the earth being, in our 
liiray of speaking, a south pole. A m^net, then, will not 
to rest till the currents moving below it place them- 
B parallel to and in the direction of the earth's currsBU. 
B-^is is shewn in fig. 106, where a section of a magnet ia 
I positjou of rest with reference to the 
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The upper curreiit being further away from the 
B lesa affected by it, and it ia the lower cuneiit 
a the position. A magnetic needle, therefore, 
the north to allow the eurrenta moving below 
uelves parallel to the earth's current. 
nagTieCe. — Perhaps the strongest proof of the 
n'a theory is the fact that when a current wire 
t ft piece of soft iron, the iron becomes for the 
y toagnetic The geueral form of an electro- 
lewn in flg. 107. 
' a round bar of 
into the horseshoe 
usulated wire coiled 
emitiea. When a, 
;hrough the coil, the 
becomes instantly 
.ttracta the armature 
click. When the > 
wd, tbia power dis- 
Idecly M it came. 
B far outrival per- 
amatrength. Small 
1 have been mode 
, support 3500 times 

ht, a feat immeasurably superior to anything 
«el magnets. When the current is of moderate 
le iron core more than a third of an inch in 
agnetim induced u t» proportion to the strength 
id of the nwnber »/ tunu in the coil. It is of no 
ther the coils bo placed all over the mjtgnet or 
the ends. When the bar is thinner than one- 
1, a maiimnm is soon reached beyond which 
B of the wire give no additional magnetism ; 
I the core is thick, the advantage gained by 
inmber of coila may be tost by the long ciicoit 
Xengtb of the current. The maximum that 
is, in different magneta, proportional to tha 
or to the square of the diameter of the core, 
^ when the mass of the armature is equal to 
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that of the core, that the ioeight which ihe magnet stutains 
is in proportion to the squares of the strengths of the ewrrerUs, 
The length of the electro-magnet has no other adyantage than 
that of insulating the poles, the one finom the other. When 
the core consists of a bundle of insulated wires, it is capable of 
greater magnetisation than when it is solid. The rust that 
sooner or later forms on iron wires is sufficient insulation. 
The electro-magnet, from, the ease with which it is made to 
assume or lay aside its magnetism, or to reverse its poles, is of 
the utmost value in electrical and mechanical contrivancea 
That the electro-magnet may quickly acquire, and as quickly 
lose its magnetism on closing and breaking the drcnit, it is 
necessary that the iron be perfectly pure or soft, and well 
annealed. It is also necessary that the armature be kept just 
short of touching, for when it is in contact, a residuum of the 
induced magnetism lingers in it and in the 'core after the 
current stops. Under current induction the various molecukr 
currents,according to Ampere's theory, place themselves parallel 
to each other, and act powerfully in concert The direction 
of the current and the nature of the coil being known, the 
poles are easily determined by Ampere's rule. 

115. Magnetic Tick. — ^When an iron rod is made to rest on a 
Bounding-board, such as the body of a fiddle^ and placed in the 
centre of a powerful coil, each time the current is broken a 
distinct tick is heard from the rod. K a file be placed in the 
circuit, so that a wire when it slides along will alternately 
close and open the circuit, the rasping noise of the wire sliding 
along the file will be distinctly rendered by the rod, each 
interruption giving nse to a tick ; the series of ticks being in 
the same order exactly as the series of noises at the file. 
According to Wertheim, the tick is due to the sndden shorten- 
ing which the rod experiences on being demagnetised. He 
shewed that at magnetisation the rod was lengthened but veiy 
slightly. According to Joule, if the rod be magnetised to 
saturation the lengthening amounts to Tr^xn^tb of its lengtib. 
The tick is heard more distinctly if, instead of tbe rod, a piece 
of thin sheet-iron be rolled up so that its edges just overlap. 
The application of this magnetic sound to the conveying of 
mwsicsd sounds, is described Txndei '^^e^otifc. 
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Current Induction. 



IB. Thi fandamentai law of current indaction may be thus 
n. Two long copper wires, pp (fig. lOB) and m, are fixed 
» as to be parallel and cloae to eacb other. The eitremities 
of the one, pp, are in connection with the poles of a galvanlo 
Ixttery, E, and tboae of the other, si, with the binding-screws 
t! a ^vanometer, G. The instant the circuit of the batteiy 
is completed, and the current sent along pp, a current in the 
opposite direction is induced in the wire is, which is shewn bj 
the deflectiou of the needle of the galvanometer. This iudnced 
CQirent is only momentai7, for liiough the current continues 
to circulate in pp, the nedle soon falls back to its original 
position of rest, and the wire is gives free passage to other 
Currents, and appears to be in no way affected. If, now, when 
the needle is at rest, 
the battery circuit 
broken, and the c 
tent m pp stopped, ; 
another momentary '. 
current is indicated 
by the galvanometer 
needle, but in tliis cose 
in the same direction 

as the inducing current The inducing wire and current are 
called primary, and are so distinguished from the induced 
wire and current, which ore termed secanAi/ry. The passive 
condition of the wire while thus under induction has been 
described by Faraday as eUciro-tonic An electrie throb, so to 
speak, marks the setting in of this state, and another its 
Tanisliing ; the former in the opposite direction to that of the 
inducing current^ and the latter in the same direction. If the 
primary wire, pp, be movable, so that it can be suddenly 
brought near to, and withdrawn from the secondary, ii, while 
the battery cmrent passes steadily, currents are induced as in 
the former case, the approach of tie wire bBm5,Di8st6ib'j oa. 
iavase cuttent, and its Trithdrawal bj a iketV oae. KaVsi'^, 



■^ M the fomr^ wire muini in Mnj one podtum, ill I 
endcsMof AiBtadtj m the mcowUij wire di»^pwi»; Itfl 
ifntUkpcMiiMitlMMRaaglii of Ike priiiMir curettt gkxUil 



I, lod the decrease a di»l| 
onreoL H«Doe «e wtfafe, that a cwmrf icUd 



(«; cimnf, ud that a atrremt vkich ib>pt, « mrrtni hUA 
nttrci, or a eurrtnt uAkA iecrmta in Or^n^k, itxditax a dinfl 
nunnenlaTy curmit in a Rn^UnariM) circvil. For inTcn^ lb 
word iwcialief, and fur direct, the word pontiac, are &«qDeiit!] 
employed in reference to indnc«d CQireiits. 

1 17. In eiperimentE like the&boTe,it ia much more conveiuent 
t£i wind the primaiT' and secondat^ wires aide bj aide muni 
a bobbin, so as to form a t 
as in fig. 109. The wires 
insulated &om each, other by 
a covering of wool or silk. ' 
Not only does such a disposi- 
tion admit of veiy long wires 
being nsed, but it also disposes 
the wires employed to greater 
advantage, for each ungle tunt ^ 
of the primary wire acts 
only on the corresponding turn 
of the secondary wire, but o 
all the turns near it. The inductive effect of auch a coil is 
much greater than that which would he obtained by the sa 
extent of wires running side by side in a straight or crooked 
line^ It is not even necessary that the two wires be wound 
roond together ; each may be wound on a separate bobbin, and 
the one placed inside the other, aa in fig. 110. The primary 
coil, P, here represented, ia made of wire tjth of an inch it 
diameter, covered with wool ; and the secondary coU, S, of 
ailt-oovered wire, about -^th of an inch, and much longer than 
the primary yrire. With two aualieoiU,thetllufltRition of the 
preceding principles of inducliou. cwv \ie coiCTeiifeiia-j gsHi, 
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If the primftry coil be placed in the circuit oC a galvanic cell, 
by two looae and flexible wires, eo aa to allow of ita eaay 
moticm, and if the terminal bindii^-screws of the secondary 
coU. be placed in connection, with a galvanometer, when P ia 
inaerted into S, a momentary inverae current ia indicated, and 




when it ia removed, a momentary direct one ; or if, when P 
remwiB in S, the strength of the primary current be altered, 
the needle aonouncea tlie induction, of currents according to 
the principles stated above. In order, however, to obtain the 
Ureatest effect from the secondary coil S, it is neceaaary, whilst 
P remains within it, to have some means of continuously 
completing and breaking the primary current. A contrivance 
(or this ptupoBe is called a rhtotome, or cmrent-break. A simple 
ibeotome may be made of a common file, by holding one wire 
from the battery against the end of the file, and running the 
other along the teeth, the current beiog stopped each time the 
wire leaves a tooth. In this way, a rapid series of inter- 
mptiona is effected, each of which is attended by an inverse 
and a direct current in the secondary wire. A break of the 
some description, but more constant, may be also made by 
causing a metal spring to press against the teeth of a metal 
wheel, both spring and wheel being oonniicted. "(dyo. VVt 
battery. As tbe wlieel m turned by a \iau.<iie, "Co.^ s^'tiii.'i. 



^l4 



186 

breaks the conUct each tiine it slips from one tooth to anotheti I 
The mott convenient form of break, however, is one which '» I 
made wlf-octiog by the action of an electro-magnet, whkli I 
rec^ves the name of a na^netit Aammrr. One form of Uut I 
instmiuent is shetm in fig. 111. 

1 18. Quantity and Tmncm of Induced Cumnla. — ^Let as pbee 1 
the coil P within S ; let P, along with a eelT-acting rheolome, 
lie put in the circuit of a galvanic cell, aud let S be coasedcd 
with a galvanometer. The iuterruptioB 
cnirent being effected by the theotome with great ispiditj, tlu 
induced inverse and direct curreuta are sent with correspond- 
ing tapidit; through the coll of the galvanometer. If thii list 
be of a abort and thick wire, so as not to t ' 
tlie current transmitted, the induced currents will not deflect 
the needle ; or if tbey should happen, through the nnsUaij 
action of the break, to do so, it only oscillates roond it 
position of rest. This proves that the quanttly of eUctridtf 
tranimilUd hy tht indactd imxne and direct currents i* 
for they each exert the same inflaence on the needles. Bnlif 
the coil of the galvanometer con^t of a long fine wiie, itie 
needle is kept deviated in a diiectioii which ai^ee the ac ' 
of the direct current This leads us to conclude, tliat 
eurrtnli, though equal in quantity, are tmequal in tentiim 
direet current having the highest teniion, for it has more p 
to force its way through the fine wire of the galvanometer thou 
the inverse, Other proofs of the same principles may be eauly 
furnished. 

It is found that the eUctro-molitie force of current inditctiM 
(other things being the Bame) w proportional to the liraijA 
of the prtmary current, and to the nuinitr of tumt in &t 
iecondary coil, but is independent of the eondacting povtr o} 
the nutai of the lecondary wire. 

The difference of the tension of the two induced cuirenB 
is accounted for in this way ; when a change takes plaoe in 
the piimaiy current, the quontity of the electricity induced 
by it in the secondary wire is the same whether this change 
takes place qnickly or slowly ; the tension, however, is veij 
different When the change takes place slowly, the tot^ 
quantity of electricity in circulation continues to pass as 



elowly, and there is little id motion U one 
the Bsme occms quickly, it ii sent with n 
speak, and the qnantity in dicolatioD U one time b m mnch 
greater, in comparison with the former case, ai tbe time ii 
ahotter. It is this quick dispatch of electiicitj which eonsti- 
tntea the tension of the cmrent. Nov, aa it takes Bome time 
before the primary conent is fnllv established, the iuvEoe 
induced current is slow and of low tension ; but when Um 
contact is broken, the primary corrent ceaees much mate 
suddenly than it began, and the direct induced current is 
quick and of high tension. This view of the matter is bonie 
out by experiment, for it is foond that mhatner faanin tht 
ntddennti! of the changa of tht primary nurcnt, heigkteiu the 
tetimon of the currents induced by thttt Aanggt. The break, 
from this drcmnstance, forms an important element in the 
construction of all indnction apparatus. 

Iron Core of Primary Coil. — The inductive power of P, fig, 
110, is immensely increased by putting a bar of soft iron in 
the heart of it, or, better still, a bundle of iron wires. The 
iron wires most be insulated, which is sufficiently effected by 
the mst that gathers on them. In a solid bar, currents are 
formed which impede the sudden cessation of the piimaiy 
current. These, however, cannot be formed in the bundle of 
insulated wiiea. For the same reason, no tube of metal must 
be used in the canstmction unless it have a longitudinal slit 
in it, making the section of the tube a brok^i ring. The 
use of tbii iron-wire core in all induction apparatas, 
makes their effect more attribntable to magneto-electric 
than purely current induction. The excitation of roagnetiam 
in the core is the principal aim of the primary coil, and as a 
strong current is essentia! to that object, it is made of thick 
wire and of moderate length. In tbe secondary coil, the 
tension of the induced current alone is aimed at, and with 
this view it is made of as thin wire as can be made, so aa to 
admit of as many turns as possible being brought within the 
influence of the core and primary coiL The electric conform 
mation of the secondary coil is sometimes looked upon in the 
same light as that of a galvanic battery. T\ift ^iMxi. iiftKat>- 
motive force of tbe coU is the sum of that oi aSi. 'I'lia \.^Y&:ft \-& i 
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it, in the same way that the electro-motLve force of the 
battery is proportionate to the number of cells. 

119. Extra CwrrmU, — ^Not only does a galvanic current induce 
electricity in a neighbouring circuit, but it also acts indao- 
tively on itsell When contact is broken in a battery dicait, 
the galvanic spark is seen. When the wire is shorti the spaik 
is feeble, but it increases in brilliancy with the length of the 
circuit, and this becomes particularly observable when tiie 
wire is woimd round in a coiL This certainly does not arise 
from the current being strong with the long wire, and weak 
with the short one, for quite the reverse is the case, as might 
be shewn with the aid of a galvanometer. The real cause of 
the superior brilliancy of the galvanic spark with the long 
circuit is to be found in the induction of the primary cuzient 
on the various parts of itself, exciting, as they are called, ettn 
currents in the primary wire. It has been fully attested hf 
experiment, that At the instant a gahamc cwrrtnt hegiM and 
ends, extra currents are indiiced by the actum of ihe siveni 
parts of its cvrcwit upon each other, that at the hegimiisg 
of the current being inverse, and that ai the end direct. 
As the extra current inverse acts opposite to the main 
current, it does not appear as a separate current, but only 
retards the instantaneous passage of the main current The 
extra current direct succeeds the main Current, and has 
consequently a separate existence. It is what is generally 
referred to when the extra current is spoken of. This extra 
current is of much higher tension than the original current. 
The effect of the extra current on the direct induced current 
of the secondary coil is to lessen very decidedly its tension. 
If a way be made for the extra current, the tension of the 
induced current falls prodigiously. In a large coil-machine, 
which gives freely sparks of one or two inches in length, when 
the two portions of the break are joined by a thin, wire^ so as 
to allow the extra current to pass, sparks wiU not travel 
between the two poles, however near they are brought. When 
no such communication exists, a portion of the extra cuirent 
leaps over between the separating parts of the break, and in so 
far diminishes the intensity of the secondary current. The 
condenaer of the coil-macYnn^, \.o\ife ^\.^x^«kAs5» disacribed, hn 
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• iar ita object the absorption or suppresaion of the extra 
inmeiLt, bat the manner in whii^b it effects this ie not yet 
ptoperly explained. The prejudicial effect of the extra 
canent on the induced current is easily understood, when we 
beax in mind that it prolongs the cessation of the magnetiani 
of the core and of the current in the primary coil, and thus 
impMring the suddenness of this change, reduces the tension 
of the induced current. 

120. Indtittion Coil. — The esBentia! parts of thia apparatus 
have been already described in detail. A primaiy'coil with 
itB core of iron wire, and a secondary coil exterior to, and 
insulated from a primary coil, form the main portion of the 
instrument. The primary coil is connected with the poles of 
a g^vanic battery, and in the circuit a theotomc is introduced, 
to effect the interruptions of the current essential to its inductive 
action. A commutator and condenser are also essential parta 
Wanected with the primary circuit. 

The rheoUrme ia shewn in fig. 111. A is an iron plate, into 
'which the ends of the iron wires forming the core are fixed, 
•ad which serves a.i an anvil for 
e hammer H. H has for its 
ff spring D, which keeps 
[, and also forms part of 1' 
y circuit p is a little pto- 
JWSng nipple tipped with platinum, 
< ii a screw, the end, p', of which 
« aba tipped with platinum. C, 
'Ui Qpright brass standard, also 
fcrmi part of the drcnit When 
tde circuit is closed, A becomea- 
uagnetic, and draws away H from 
ff. The primary circuit formerly i,----''^ 
dned at }> and p* is now broken. ^j^B*" 
k knee ita magnetiam, and H, Fig. ill. 

nnder the influence of the spring D, 

is taken back to p'. The circuit is again dosed, A again 

becumes xoagnetic, and thus H is kept oscillating with great 

npidity between A and y', alternately opening, and closiri^ the 

^MJUUT-circait 4 is a screw giving toDt^itneRfta^iL-q to" 
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tammulafor cohbUU of a cylinder of ivory, with 
two brass plates attached to ibi eidea, moving on a biau 
ari«, supported by two brass Btandards. One axis doM 
not go through the whole nay, eo that two distinct pieces of 
brass serve as aa axis. One of tlie standards 
with the +, the other with the — pole of the batteiy. Each 
plate commanicates with one of the staadMda, so that Hit 
plates form the polea. A spring presses against the (ylindar, 
cither on the plates or on the ivory. These springs form part 
of the circuit ; when the springs press against the plates tk 
current flows, when the plates are reversed by a handle 
attached to the cylinder, the current is reversed. 

The condeneer consiate of several sheets of tinfoil and oiled 
lilk, laid alternately the one above the other. The fiisl, 
third, fifth, &c eheeis of tinfoil are connected by strips of tk 
same material ; so are the second, fourtli, sixth, &c ; the 
whole forming a condensing apparatus like a Leyden jUi 
the odd sheets forming the one coating, and the even aheeU 
the other. Each set of sheets is connected with one of the 
wires of the primary coiL The condenser is generally placed 
in the sole of the instrument, and doea not meet the eye. 

An induction coil, as constructed by Ladd of Ixmdon, ii 
represented in fig, 112. The forms under which tlie 




ippeara are very various, and the one in the figure only lem* 
to shew the general requirements in its construotioii. The 
two binding-screws, y and n, are for the batteiy wires i ' 
the commutator. The two coils, W, be horizontally oft th» J 
tola of the iiiBtrumeiit, S. Tte awniidiirs coil &Ion«i| 
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» primaiy being within it and out of view, Tlie breaking 
■, being behind the eoil, is likewise not shewn. The 
vondenser is contained by the box which conatitut«B the sole, 
*Ud a conducting connection is eatabliahed between its coat- 
Uiga and the wires of the primary coiL The terminations of 
I ^e secondary coil are fixed to the Leada of the gloaa pillsfs, 
I ^, Pi which are furnished with pointed rods capable of 
Oxuvsrsal motion. The eiceUence of ihe instrumout depends 
on the proper inBulation of the secondary coiL The bobbin 
Ibost be made of glass, gutta-percha, or (best of all) vulcanite, 
■o as to prevent the induced electrieity from reaching the 
ground by the primary coil. Care must also be taken to 
insulate the different parts of the secondary coil from each 
other. If this were not done, the spark which completes the 
secondary current, instead of taking place at the roda, the 
jlace at which it is wsjited, would pass within the coil itself. 
it is necessary, in consequence, to have each layer of the coil 
insulated from the other, by interposing gutta-percha paper, 
and cementing it with a hot iron to the sides of the bobbin. 
The induced current must thus pass through all the tnma of 
the wire, and is prevented from shortening its course by 
leaping over one or more layers of the coil. {See page 265.) 

121. Experiments mith the Induction OoiL — Say that we 
experiment with a coil like the one shewn in fig. 112, about 
one foot long and neatly ak inehes in diameter, which yields 
readily sparks of from four to five inches Kith a battery of 
six Bunsen. ceUa. Ailer connecting the batteiy wires, and 
setting the commutator so as to complete the contact, let us 
place the movable rods within an inch of each other. An 
nninterrupted rush of sparks is transmitted between the points 
of the rods. The sparks are uot the clear single sparks of the 
electric machine, but seem to be made up of several sparks 
occurring at the same instant, which are white and crooked. 
These are enveloped in a luminous ha^e, or aureole, which can 
be blown away by the breath, and thereby separated from the 
white spark which cannot be so removed The aureole is 
repelled by the poles of a powerful electro-magnet, whilst 
Ute white spark is not affacted by it. As the rods are with- 
^^^n> froni eacii other, it disappeais, aai -siVcu. •Cac^ »saA. 
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above three inches apart, the spark resembles in eveiy respect 
the forked single spark of a powerful electric machine, Whie^ 
the points are withdrawn beyond striking distance, ekctne 
brushes stiU play between them, which become visible in a 
darkened room. If the hand be brought near the rod con- 
nected with the exterior end of the coil, sharp stinging spaiki, 
two or three inches in length, are got. The rod connected 
with the inner end does not yield them so readily, and thif 
is the same whether it be the + or — pole. Each pole of the 
induction coil is the seat of two opposite electricities, ato- 
uating with each other, alike in quantity, but differing in 
tension, and this accounts for the resemblances and differenoei 
between the coil and machine electricities. A Leyden jtf 
may be charged, but not to the same extent as by the electric 
machine, if one of tiie wires be connected with the outer 
coating and the other brought within an inch of the 
knob. The jar on being removed may be discharged hj 
the tongs (fig. 54). When the poles are put in connectian 
with the coatings of a Leyden jar, and the points placed 
within half an inch of each other, the sparks passing between 
the points are much more brilliant, and the sharp snap 
of the simple spark grows into a- loud report The Leyden 
jar effects a condensation of the electricity of each direct 
current, and each spark discharge takes place in shorter time, 
and consequently with greater intensity. The condensed 
spark punctures paper and the like with great facility, but it 
is of very low heating power. Tlie imcondensed spark, more 
particularly the hazy spark, got when the poles are near 
each other, kindles paper, gunpowder, coal-gas, and other 
combustibles, with great readiness. The power of the 
direct induced current of even large induction coils to deflect 
the magnetic needle, and to effect chemical decomposition, is 
very insignificant This shews that it is very much inferior 
to the inducing current in quantity, however much it may 
be superior in tension. The physiological effect, on the other 
hand, is tremendous, and the experimenter must take care 
not to allow any part of his body to form the medium of 
communication between the poles, as the shock so got might 
be dangerous, if not iataV. 
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■When the induced current is made to pasa throuf;h nearly 
mtnoUB spaces, a very splendid effect m produced. The 
tUetrie egg (fig. 113] is employed to dispky tbia. It cuuststa 
tif a glass vessel in the shape of an egg, witli an open neck 
aljove, and another below. Brass fittings are attached to 
these. The lower opening ia fitted with a Etopcock, and can 
■be screwed to the plate of an air-pump, A brass rod and ball 
nse a ahort way into the e^. The fittinga 
tbove tae intended to allow of a rod end- 
ing in ahall posaingnp and down air-tight, 
K that the two balla can be conveniently 
v»t»t different distances. When the egg 
nated, and the wires from the coil 
Vlttached, the one above and the other 
nous glow extends hetweai 
fcWllB, which is wide in the middle, 
Ritnicts at either extremity. When 
haustion haa reached one-twelfth 
pinch, aa shewn by the gai^e of the 

, J., hlack bands are seen to lie 

■'wrizontally in the light, so as to wear 
U>e appearance of atratification, aa shewn 
lathe figure. These occur more readily 
*lien a drop or two of turpentine^ alcohol, 
or ether have been introdnced into the 
tgg. The cauae of the stratification is aa 
JtA a matter of speculation. The hall 
fhicli forms the — pole is enveloped in a covering of blue 
ligbt The glow, which is of a beautiful manve tint, appears 
to proceed from the + ball, and reaches nearly to the — ball, 
from which it ia separated hy a weU-marked non-luminouB 
Bpace. By means of the commutator, these appearances at 
the balls can be instantly transposed. Serving the eame pur- 
pose as the electric egg, there is a great variety of vacuum 
tube* hermetically sealed and ready for use at any time. 
TbeBfl having been first filled with particular gases, and then 
eihauated, exhibit lights of vaiioua tints, according to the gas 
contained hy them. 
Wrii/hl's EUdric Colimon, Ftgwes.— T\ie«i 'irc i"it \a "^ 
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Strethill WiigUt (1S63). A clean sheet of glan b lud on t 
plate of blackened metal, and a drop of lipoid is placed oa Uie 
middle of it. One of the pole* of the coil is connected ■with 
tlie metal plate, and Uie other marie to dip into Ilie dtop. 
When the coil is set in action, branches issue from the drop, 
and spread IheDuelves over the plate. The shape of the figure 
thus formed is determined by the nature of the cohesioa exiBt- 
ing in the particles of the drop, and between the drop and the 
glasa. Henee, when the various acids and solutions of ults 
are treated in this way, we ubtaiu an eujless variety of fignrea 




'Mica may be aubatituted for glass, (he figures formed on ft 
being even more various A change in the figure ia also gc 
by reversing the pole Fig 114, drawn by Dr Wright, abewi 
The + figure of cyamde of potassium on \saahed mica ; a small 
coil giving a spark of -Jth of on inch con produce these figaw. 
They may be also shewn by frictional electricity. Dr Wri^ 
hoB alao obtained very largo and fine figurea by the electridly 
of cleavage. He places the drop on a clear surface of fteshlj 
split mica, and breathes on it, when it eipands into a fignie. 
Condudivity of Flam,f. — When one wire of the coilii-, 
peeled by a Bnnscti l^unp, and tha other held b 



he coil ii. iBMfc| 

'.ji 
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inches above tiie raoutK of the burner, no spark paasea. 
TiVhen tlie lamp is lit, they pasa readily, shewing flame to 
be a conductor. Let ua now lift up the wire above the flame 
so that the spaj-ke again cease to pass. When common salt is 
pat into the flame, the eparkH instantly reappear, shewing 
that the salt heightens the conducting power of the flame. 
The effect of salts in improving the conducting power of 
flame was first ebewn by Dr Wright (1863), 

Chronology of Curreni Inducliaa. — The discovery of the 
power of electric enrrents to induce currents in neighbouring 
conducting eirouita is dne to Faraday. Hia researches on the 
Bnbjecf, named by bim iwifo-efeeiric induction, were published 
in the Philosophical Transactiona (1831—1832). Henry 
(1832) observed that when contact waa broken in a long 
' galvanic circuit a bright spark occnrred, which did not occnr 
when the circuit was short. This was shewn by Faraday 
(1834) to be due to the extra current induced by the various 
parts of the circuit on each other. Bachhoffner and Sturgeon 
(1837) shewed the superior action, in induction apparatus, of 
B. bundle of iron wires to that of a solid bar of iron. Henry 
(1841) studied the inductive action of induced currents of 
different orders. Ruhmkorff constructed (1850 or 1851) the 
first so-called indaoiioTi, coil, the excellence of which was 
chiefly attained by the proper insulation of the secondary coil. 
Fizeau (1863) increased immensely the power of the coil, by 
providing it with a condenser. Of late years, coils of great 
power have been constructed, rivalling, if not exceeding, 
the most powerful electric machines in length and power of 



Magneto-Electric Induction— Magneto- 
Electricity. 
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Magneto-electricity includes aU phenomena where mag- 
netSsm gives rise to electricity. There are practically two cases 
of it, namely, when the current is induced in & coVL olSxiS'^iEutj^ 
wire, and when it is induced in conducting ^\tttea. ^^H 
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CuirenU induced by Motets in Coils of Win. 

122. Hour a Cumnl u tnducaj in a Coil by a Magml.— 
When a coil, in which a current circulatea, is quickjy placed 
within another coil unconnected with it, a contrary induced 
cuirent in the outer coil marks its entrance, and when it 
withdrawn, a direct induced current attends its withdrawal 
(117). Change, whether in the position or cmrent strangth 
of the primary coil, induces currents in the Becondary « " 
and the intensity of the induced current is in proportion 
to llie amount and BtiddeimeBa of the change. In aingalai 
confirmation ot Ampere's theory, a permanent bar-magnet 
may he substituted for the primaiy coil in these eq«ri- 
ments, and the same results obtained with greater intensity. 
When a bar-magnet ia introduced into the Eeeondary 
coil, a current is indicated, and when it is withdrawn, 
a current in a contrary direction is observed, and these 
currentB take place in the directions required by Ampere's 
theory. A diange of poaition of the magnet is marked by a 
current, aa in the former caee 
If we had the means of in- 
creasing or lessening the mag- 
netism of the bar, currents 
would be induced tile same ai 
those obtained bystrengtheuing 
or weakening the current in 
the primary coiL It ia this 
inductive power of iron at the 
moment that a change takes 
place in ita magnetism, that 
forma the basis of magneto- 
electric machinea. Themannu 
in which thia is taken advaotog* 
of will he easily understood by 
_ jjj reference to fig. 115. N8 ill 

permanent horseshoe magDet, 
and let us auppoae it to be fixed ; CD is a bar of aoft iioii, 
bntli coila A and B ■woimi toiJiii ■i\a cittfeni^.SK&,«aiA m»l 
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lie looked upoa os the armature of the magnet. CD is 
tapahle of rotation round the axis EF, So long aa CD ramauu 
b the position indicated in the figure, no currents are induced 
in the Burrounding coils, for no change takes place in the 
UAgnetisni induced in it bj the action of NS. The moment 
tkt the poles of CD leave NS the magnetism of the soft iron 
ditoinishea aa its distance from. NS increases, and when it 
ifindfl at right angles to its former position, the magnetism 
W disappeared. During the first quarter-revolution, there- 
fore, the magnetism of the soft iron diminishes, and this ia 
attended in the coil (for both coils act, in fact, as one) by an 
electric current, which becomes manifest when the ends, «, e. 
Of the coil are joined by a conductor. During the second 
quarter-revolution, the magnetism of the armature increases 
till it reaches a maximum, when ita poles are in a line vrith 
those of NS. A current also marks this increase, and pro- 
ceeda in the same direction as before ; for though the mag- 
netinu increases instead of diminishes, which of itself would 
lereise the induced current, the poles of the revolving 
annatnre, in consequence of their change of position with the 
poles of the permanent magnet, have also been reversed, and 
this double reversal leaves the current to move as before. Por 
the second half-revolntion the current also proceeds in one 
(Jirection, bat in the opposite way, corresponding to the 
reversed position of the armature. Thus, tit one revolitiion of 
a Kft wtm aTmaiure in front of the pokt of a yermanenl magntt 
ttm emrenti are iTiduced in the coils encircling it, in oppotile 
dirtetiont, each tosiinj half a revolution, itarling from the line 
joining the poles. 

123. Sfagiuto-electric Machine. — The general construction 
of a siniple m^^eto-electric machine ia shewn in fig. 118, 
which ia one of the forms of Stohrer's machines. NS is a 
fixed permanent magnet. BB is a soft iron plate, to which 
ue attached two cylinders of soft iron, round which the coils 
C and D are wound. CBBD is thus the revolving armature, 
eonwrponding to CD in fig. 115. AA is a brass rod rigidly 
Gumected with the armature, and also serving as the rotating 
~ 5 a cylindrical projection on. AA, atvd ia greased 
B i_f two fbrk-lik^ springs, H and K, Nttoi^i o.tfe iisa 'Oo.'a 
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polei of the mocliiiie. The ends, m, n, of the coil an 
ioldered to two metal lingB ou 
F, iniulated from each otiier. 
When the aratatnie rerolvM, 
AA and F move with it F, 
[, and K ate ao constructed 
I to act 08 a commutator, 
tevemng the cutreot at each 
d-ievolntiott. By thu ar- 
langement, the opposite cur- 
rents proceeding from the coil 
at each semi-rerolution an 
so transmitted to E and E, 
that these retain the wme 
names. Bat for this, the 
effect of the corrent dmT«d 
from one semi-reTolntion would 
be rereised by that proceeding : 
from the next H and E, how- [ 
ever, change names with the 
direction of the rotation of tlie 
armature. 

The commatoting arrange- 
ment is shewn in fig, 117. A ia the axis of the revolviiig 
part, the two black lines under H and K are the two forlu 
of these springs, a and / aie projectionB on a metal tube 
next the axis, and e and e are 
projectionB on another tube 
insulated hj boxwood or vol- 
^ canite (shewn black in tlie 
fignie) from the inner tnbe. 
Both tnbes are fixed to the axis 
A, and move round with it The 
projectiona a,f,c,e are half nugt, 
a and e being on one side of lie 
n the other. Each tube has the end of tm 
of the coil-wires attached to it, so that the tubes thus form tbs 
terminationB of the coiL As shewn in the flgnrc, the left 
hand prong of H rests oa ii bjv4 \,\w,\t^tBiA.-\KEi\i^ii 'E. m c i 




»ig. 117. 
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if a be +, c will bo — . Suppose, now, tlie half-rev olntiou 
finished, then h will be oa e, and d on /, JuEt when the curreot 
has began to flow in the contrary direction, and the tobea 
have changed aignfl. ' Still, however, H ia + and K -^. 
When the armature is made to revolve with sufficient rapidity, 
a very energetic and steady current is generated, which 
posBesaes oil the properties of the galvanic cnrrent. Compared 
Trith the galvanic battery, the magneto-electric machine is a 
readier, steadier, and cleanlier source of electricity, and is, in 
consequence, extansively used instead of it. Magneto-electric 
nmchincfl may be made of any strength by increasing the 
number of magnets and the mei^hanicol force employed. 

In the machine just described, the amount of electricity 
induced in the cods is at a maximum just when the armature 
ia leaving the poles, and at a mininiiun when it stands 
cquatoriaJIy. The gradual cessation of the magnetism of the 
core in the first quarter revolution, and the gradual acquisi- 
tion of it in the second, prevents anything like an inatan- 
taneous stoppage and commencement of the current in the 
half-tevolntion. The current ia thus tolerably continuous, 
and when the velocity ia great, it ia nearly uniform. Hence, 
when it is sent through the nerves of the body, which are 
affected by sudden changes of current tension (99), a slight 
effect only is felt. When, therefore, physiological effect is 
wanted, a break muat be effected in the current This is 
done in Stolirer's machines by mating the half-rings overlap 
a little, so that, at the change of pole, when the current is 
strongest, the interpolar resistance consists only of the prongs 
of each, fork resting on the two half-rings. As this resistance is 
indefinitely small, the whole of the current goes by it, and 
none of it by the body. Wlien one prong of each fork leaves 
Bimultaneously its half-ring, the current then passes through 
the body ; and as the resistance of this laat is great, a partial 
stoppage of the current occurs at the instant of separation, 
whidi excites an estra current in the coOs of the machine. 
The tension of the estra current is high, and powerfully affects 
the nerves. It ia felt at each haK-revolution, 

In large machines, several magnetic magazines are employed 
^■Bi B corresponding number oE innaULieB ml taia. TIV*. 
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coils may be arranged like the cells of a galvanic batteiy, fm 
tension or for quantity. For tension, they are arraiigsil 
successively, so that they form one compound circuit; for 
qnantity, each single coil or set of coils contributes to tlw 
common current. The electio-motive force, tesietaiice, and 
current strength are formed as for a galvanic batteij (96). 
The thickness of wire is selected according to the objoctof 
the nuchise. For giving shocks, or effecting chemical ilecaiii- 
poeition, the wire must be long and thin ; for heating pktmma 
wire, thicker and shorter. The electro-motive force increiao 
with the rapidity of rotation. Dove has found that in mag- 
neto-electric machines, where the current is primarily indncsi 
by magnctiam, a solid iron core as an arroatuie gives sbetUt 
effect than a bundle of iron wires. (See also page 2S9.) 

Chronology of Magntto-tUctrie Goil-maehiTie. — Faraday (ISSl] 
was the first to obtain a current from a coil by magneto- 
electric induction. Experimenting with a straight bBTofiKi 
as the core of a coil, he obtained opposite currents from tbs 
coil, according as the bar was made to approach the poles m 
a hotseahoe-maguet or to recede from, them ; with the coQ 
without the core he got the same result, though to a mseli 
less degree. Piiii (1832) invented the germ of the machine 
as now used. Improvementa in the construction have since 
been introduced by Sainton (1833), Clarke (1836), Pettiiu 
(1B44), Stohter (1844), and recently, by Siemens and Halake. 

124. Ekeiricily induced by ths Magneliiin of the Earth.— 
Faraday was the first (1831) to obtain electricity from 
the inductive action of terrestrial magnetiam. Tenestml 
electric induction may be shewn by such an appantw ) 
as that sketched in fig. 118. If a coil, CC, be made tt I 
rotate, aa shewn in the figure, round a horizontal tm, j 
and its ends directly connected with a galvanometer, it 
will be found that, starting from a certain position, for (M ' 
half-revolution the needle is deflected one way, and fe 
the other in the opposite way. Suppose the axis to lis >t 
right angles to the magnetic meridian, and that we place the 
plane of the coil at right angles to the dipping-needle, •>( I 
MtartiBg-polnt, each half-vevolution will occasion a curront in \ 

opposite direction. Tbc ieaaonDK'Qia\aQ\>N\Q'ia. TxcsstaS^i 
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lUe half-revolution one half of the ooil aacends and the other 
ilocends, cutting the lines of magnetic force, which are parallel 
to the dipping-needle in differeTit -ways ; opposite ourrents 
>K thus laduced in each half (112, 126), and these aid each 
s current. The descending half has ita 




rairent tending eastward, and the ascending half westward. 
It ia easy to see that by the intervention of a commutator, as 
at e, a current in one direction may be obtained through thu 
wires w, «/. The maiimnm induction takes place when tha 
plane of the coil ia piirallel to the dipping-needle, for then 
■t cuts the Lines of magnetic foTce at right angles. If the 
Ssas of the coil be placed horizontally in the magnetic 
'aeridian, the induced electricity will he wholly due to the 
Vertical magnetic lines. If the aris he vertical, the same 
vvill be due wholly to the horizontal lines. A comparison 
of the deflection produced on the galvanometer by a similar 
dotation in these two positions may be used, according to 
Weber's suggestion, to determine the magnetic inclination, 
lor (17) the tangent of the angle of inclination is equal to the 
Tertical divided by the horizontal intensity. If the axis be 
parallel to the dipping-needle, no current will be obtained 
however fast the rotation. Palruieri, by means of a terrestrial 
bdoctioii machine, produced Bparka, shocks, and the decom- 
^^~' a of water. ■W 
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needle wai made to oadDalc immediately afaoTeMM^^erii 
it came Bboner to lest than it did otherwue. The OBdlldiol 
were made in the eame time as triiea awaj tma the ^M, ■ 
but they were lem in extent ; the plate seemed thas to «t« 
a damper to the motions of the needle. This being the ac ' 
of the plate at rest on the needle in motion, Arago reasmal' 
that the needle at real would be influenced by the piste in 
motion. Experiment confirmed this simniBe. He made > 
copper disc revoWe with great rapidity under a needle, reslijis 
on a membrane placed right over the disc, and qniU ni 
nected with it^ the middle of the needle being placed abore 
the centre of the disc As expected, the needle deflected in 
the direction of the motion of the disc The deflection of ibt 
needle increased with the rapidity of the motion, and when it 
reached a sufficient amount, the needle no longer r 
a fixed position, but turned round after the disc This actioii 
of the revolving disc was attributed to what was tben caUnl 
the ' Magnetism of Itotation,' and the name has been sioH 
retained. The explanation of this phenomenon was first given 
by Faraday (1831). He prored it to arise from the reactioii 
of currents induced in the plate in motion by the magnet 

126. The magnetiam of rotation is only one of a very large 
class of phenomena, in which the motion either of a magnet 
or a wire conveying a current induces a current in a neigh- 
bouring conductor, Lenz very oonveaiently sums up the law, 
holding in all such cases, in the following words : Wlim a 
currml it induced in a emdutlor hy (he motion, of a mojpKt 
or ewTtnt, or of Qit eonduclor, Ou current induced Jlowi in 
tuch a directioii that its action opposM tkf motion prodveimg 
it. To lake the simplest case, that of two parallel wii«a, 
in one of which o current circulates ; let us bring either 
wire near the other, an opposito current will be formed ia 
the wire where no current "waa at ■fcat (jvovided the circuit 
he complete), the mutnal ftctitm te\™eaii- -w\ii3a ravji. 'Csai 
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ptiBiary current will Le to cause repulsion, and impede the 
motion of approach. If we eeparate the wires, the opposite 
■vrOX take place. In all the cases of attraction and repulsion in 
eiectrodyaamios the same holds. Lenz's law may be thna 
otherwise pat ; when a conductor moves relatively to a cnrrenE 
or magnet, or vice versd, the directions of the inducing and 
iivdnced currents are the reverse of what they would be if 
tte same motion took place under the action of two primary 
CCurentB, or a primary current and a magnet 

With the aid of Lenz's law, we can eaaUy understand the 
principlea at work in Arago's revolving plate. Pig. 119 
i^piesents what takes place in it. 
Ihe plate, P P, may he regarded 
as divided into four parts ; thoee 
<Df which n, tt', a, «' form the 
centres. The part n approaches 
the north pole, N, of the magnetic P| 
needle, NS. In order to impede 
the motion of approach, n must 
be forced to assume north, polar 
magnetiBm, the current of whicli 
niDvea, aa shewn in the figure, 
from right to left. The pwt of 
which It' is the centre, leaving a south pole, will be induced 
to assnroe north polar magnetism to impede the rotation 
at the disc. The currents of n and n' are coiucident at 
Iheir further ends, but in the middle, as shewn by the 
dotted lines, they are opposed, the result of which is that 
one current circulates, as shewn by the continuoua line in 
the left-hand side of the plate. A similar state of things is 
also found in the right-hand half, as shewn in the figure. 
The two main currents are coincident in the middle of the 
plate. It is this conjoined current which affects the needle ; 
it nma in a direction a little in advance of the needle, as the 
indnctiTe power of the magnet takes some time to act Aa 
the induced current lies below the needle, the deflection, 
according to Ampere's rule, takes place in the direction of the 
motion of the disc If the disc were stationary, the currants 
iadnced in the plates Tvould manifestly \m\)e4e I'o.e sficfiia.^\wa 
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of the needle. When culs ore made in tlie disc in &e liuea 
the tadii, it loses almost entirely its diaturbing power; A 
cmrentB formed in the whole disc can no lagl 
take place, and those fonned in the wbM 
sectors are weak in comporisoa ; bj^ fllisg v\ 
the vacant spaces with solder, the pow« if 
nearly restored to it. As is to he expedci^ 
the effect of the revolving plate depend! d 
the conducting power of the materiil tj 
which it ia made. It is owing to its high Mn- 
ducting power that copper ia so much used il 
tliese experiments ; hence, also, it is that coppa 
ia so much employed in the constrnctiDn d 
magnetic apparataa. A copper compass-hoi, bl 
x^ I inatance, is not only desirable, fccan its baag 
^p I free from iron, bnt it acts obo as a dam_ 

bring the needle quickly to rest when diatoitaft 

127. Leni's law is applicable to all c 
when electricity is induced by the motion 
of a magnet, or of a conducting oiicil 
It pyp lflJTn the magneto-electric madun 
already described. We may quote only tv 
other experiments aa illuatrationa of it In tl 
firat experiment, a small enbe of copper (fig. 
thread to a frame, and placed betwoen 
the poles of a powerful els 
magnet; the cube is sent 
rapid rotation by the twist on 
thread, previously given it; : 
instantly brought to a halt, whai 
the current is allowed to circnUte 
in the ooUs of the magnet; a 
it begins its motion again wli 
the current ia turned off 
the second experiment, a diac 
of copper (fig. 121) is made to 
rotate rapidly between the poles, 
PI, g, of an electro-magnet, Viy mea.Tia at a haiiAle and inter- j 
■ening wheel-work turned \ij •Cba et^t-ranccAti, "^l\iKa.^ 
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lent iuveBtB the soft iron poles wilJi magnetism, the disc, 
ving freely before, appears suddenly to meet with an 
Been TeBistance, aod the rotation contimiea slowly or not 
all. If peraifited in, the rotation cauaes the diac to rise 

temperature, the rise bein^ proporlionaU, according to 
incaolt, to the square of the velocity of rotation. Ai shewn 

the figure, the approaching part of the disc bm a south 
lie turned to i and a north pole to n. The receding part 
lanifestB the opposite polarity, both polaritiea combining 
I resist the motion of the disc. The curreuta marked 
lith dotted lines are not the only currenta. There ore 
B?eral such currenta in the same direction, extending out 
ike waves on each half, coinciding in the line between the 
lentre and the poles. Hence if a circuit were formed, 
ACloding the radius between the centre and the two poles, 
' current in one direction would be constantly transmitted 
tlttongh it This may be done by connecting a wire with the 
Kii of the plate, and by making a spring press on the edge 
st the plate, at the poles, so as to absorb the current without 
impeding the plate. To the spring a wire mnst also be 
ittaohed. The two wires being connected with a galvanometer, 
I current in one direction would be indicated by it as the 
'late revolves. A machine of this kind, invented by Faraday, 
fsa the first form of the magneto-electric machine (1831). 



UeaBttremQiit of Current Elements in Absolute 

Units— Work and Heat Produced by 

the Current. 

128. This system aims at measuring the current elements, 
sleotio-inotive force, strength, and resistance, in terms of the 
ibsolnte units of time, space, and mass. It is the most 
natural and rational system, and, for recording results, it 
ifiU no doubt eventually take the place of all others. The 
British Association have adopted a unit of resistance, so as to 
^eihlate its general introduction. In tbe TianaaafciWi "A 'i.«. 
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Araociation for the yean 1862-3-4^ the subject is treated at 
length. Here we con only give a general idea of the syBtem, 
and shew how it is practicallj applied. 

Definitiom of EUciro-magnetic Units. — ^In any absolate 
system the unit force is defined as producing unit velocity in 
a unit of mass in a unit of time. In the British Association 
system the unit force is that which is capable of generating in 
the mass of one gramme a velocity of one metre per seconi 
At Paris, gravity generates in the mass of one gramme t 
velocity of 9*808 metres per second, so that there a unit of 
force is equal to 7.^ of the weight of a gramme. At London, 
gravity is 9*811 metres, so that the mass weighing a gramme 
at Paris would weigh more than a gramme at London, in the 
proportion of 9*811 to 9*808. Of course, if a gramme wdgfat 
were brought over from Paris to London, it would still be 
looked upon as a gramme, but its downward force, abio- 
lutely considered as tested by a very delicate spring balanoe^ 
would be greater. The same absolute downward force ii 
got by a less mass at London than at Paris. Practicallj 
Bj)eaking, we estimate at London the mass of a gramme I07 
counteTpoising a gramme weight brought from Paris in an 
ordinary balance, so that the mass of gramme at London is 
the same as at Paris, although its downward force expressed 
in the units just defined is difierent Masses being measured 
by relative weights, are comparable all over the world ; but 
their weights or downward forces, arising from the action of 
gravity on them, are not, and must be expressed in absolate 
units to be comparable. The system we are describing 
demands that all local observation be expressed in an absolute 
or general standard, so that when so expressed they may be 
at once compared. To save explanation, we may, however, 
look on gravity as constant, and as that at London, results 
being expressed absolutely, though the data giving them be 
locaL The weight of a gramme is thus equal to 9*811 units 
of force. A unit of work is a unit of force overcome through 
one metre : it is therefore ^.-rrr ^^ ^® weight of a gramme 
raised one metre, or a gramme-metre. A unit of heat is the 
quantity required to raise the temperature of one gramme of 
water at its maximum density Xsy V G. Aaaotding to Joule, 
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■ nnit of heat, wlien converted into work, ia (at Manchester) 
capable of laiaing 423'5 gramniea weight one metre, A unit 
uf heat is, therefore, equivalent to 423'5 x 9-811, or 4155 uttita 
of work. 

129. A unit pole ia one which, at a metre diatance, repels a 
Bimilar unit pole with a nnit of force. The masa-of the unit 
pole is that of a gramme. Here onlj one pole of a magnet is 
referred to, the other heing considered either to he oat of 
the way, or to he so eimilarly affected in the opposite way, as 
to act in comhination with the pole in question. A unit 
magnetio field ia that in which a unit pole ia repelled with 
a unit of force. At that part of the earth's surface where the 
horizontal intenaity ia unity, the unit pole, if &ee to move in a 
horizontal plane, would acquire a velocity of one metre in a 
second. At London, the horizontal intensity is such that the 
unit pole would acijuire a horizontal velocity of 1'764 metres 
per second. 

A umt current ia one which, in a wire one metre long, bent 
BO as to form an arc of a circle of one metre in radius, or^ 
which is the same thing, an arc of 571°, would repel a unit 
pole at the centre of the circle with a unit of force. The 
whole circumference of a circle, a metre in radius, ia 6'SS32 
metres, and would consequently repel a unit pole at its centre 
with G'S832 units of force. If such a circle he placed in the 
magnetic meridian, the deflection produced by it on a small 
needle at its centre, aa in the tangent galvanometer, is due to 
the whole circumference, so that the strength of the current, 
measured by only one metre of it, forms only ^.^Var P"^ ^^ 
the deflecting force. A unit current in a straight wire, 
nieasuxing a metre, repels another similar unit current, one 
metre distant, with a, unit of force. A unit magnetiG field 
repels a metre'a length of a unit current held at right angles to 
the lines of magnetic force with a unit of force. Hence in a 
unit magnetic field, a metre of a tmit current, forming an 
arc of 571°, and held in the magnetic meridian, would cause a 
small needle at its centre to deflect 45°. 

130. Boui an Electrie Redstanee mmj he eiprmsed an an 
AtaobtU Feioriij.— Suppose, at any part of the earth's surfajK, 
two raila are placed porallcl to each other, bd ttiaS. ftve, -^Nsme, 
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pBEsing through them shall be perpendiculai to the magnetic 
meridian, or to the lines o! homontal force. We may lim 
put the roils horizontally, the one lyii^ eight above the ether 
Suppose now that a rod, standing vertically, connects theN 
rail?, and can be elld aloag without friction between tliem. 
Let the ends of the rails at either termination be canneeted 
with a rod of equal length to the slider, and let it be placed in 
the magnetic meridian, or at right angleB. to the plane in whidi 
the slider moves. Let this rod be bent so as to form on art d 
371° of a circle, the radius of which must be the length ot the 
rod OT of the slider, and let a Bmall needle be euspended at tt* 
centre. There will bo thus a complete conducting eirenit 
formed by one rail, the rod, the other rail, and the slider. Ltt 
the resistance, moreover, throughout this circuit be the sam^ 
whatever the position of the slider in the rails, or, whicl it 
the same thing, let the rails be perfect conductors. Wiea 
the sliding rod is moved, it cuts the horizontal lines of ntg' 
uetic force at right angles, and a current is induced by then 
in it (112, 1S6), the strength of which is proportionate to the 
number of lines cut by it in a given time. The faster, then- 
fore, the rod moves, the greater is the current, and the gretto 
will be the deflection of the small needle. When it is moved 
with BQch a velocity that the needle deflects 45°, the cnrren' 
in the are has acquired the same power over the needle as Ihi 
earth's magnetism. The current induced in the slider is in 
such a direction that the vertical action between it and the 
earth's magnetism offers resistance to its further motion, and 
work therefore has to be espended to move the slider. The 
work expended in a given time, say a second, in moving ths 
rod, is within the circuit equivalent to the electro-motive forea, 
or the work done in producing the current. If the resiatance 
within the circuit which the electro-motive force has to over- 
come in. generating a current capable of causing a deflec- 
tion, say of 45°, be small, the velocity of the slider will he 
correspondingly small ; if great, correspondingly great. The 
velocity of the slider thus measures the resistance of the 
circuit. 
Altbongh this arrangement, which contains the germ of the 
Teasomng, cannot be fracticallj oeinei o\j.\ q'Cqk^ OTtasujji- 
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I mmts can bj calculation be reduced to it. Ho fti our ideas, 
f let the slider be a metre in length ; let it move, say, 10,000 
■ uetrea per aecond to cause & deflection of 45" — that is, to 
generate a unit current in the supposed ciicuit. The Elider, in 
moving at this rate, describes an mea of 10,000 square metres, 
and this is the measure of tbc number of lines of force cut, or 
of the inductive power of the earth's borizontal magnetism in 
the experiment, and it may be obtained, aa in this case, by a 
slider of a metre in length moving at the rate of 10,000 metres 
pereecond, or one too metres in length moving with ^^thpart 
ol the velocity — tliat is, 100 metres. Suppose, now, I wish to 
know the resistance offered by a wire of a certain thickness, 
e jpressed as a velocity, I bend 6'3832 metres of it into the 
form of a ring of one metre in radius, and moke the ring 
capable of rotation round a vertical, as it is in lig, 118, roniid 
a horizontal axis. The induction to which the ring is sub- 
jected in its rotation, causes two opposite currents to trarerse 
it in. one revolution, the turning point being when the ring is 
at Rgbt angles to the magnetic meridian i but since each half 
changes its side with each chai^ of current, to an observer 
north or south of the ring the current appears to move always 
in the same direction, and it consequently affects a needle 
placed at its centre in the same way. To reduce the motion 
of the ring to the equivalent motion of the slider, we must 
project the motion of the ring on a vertical plane at right 
angles to the magnetic meridian (112). The eemi-revolution 
of the sphere described by the ring projected on this plane 
is the area included by the ring, namely, 31416 square metres, 
and by a whole revolution twice this, or 6'2832 square metres. 
If ten revolutions per second produce a deflection of 45°, 
the effective area, is 62-832, which is equivalent to a metre 
•lider moving at the rate of 62'838 metres per second. But 
we reckon the current from one metre of it, so that the velocity 
of the ring must be 6*2839 times increased to give one metre 
the effect of the whole circumference : the equivalent velocity 
of the metre slider must thus be 3947. The resistance of 
6'263S metres of the wire in question is thus 3B4'7 metres per 
eecond, and we can easily calculate the length ot it nw,W!Krj 
to produce s r&sialance of one meWe, ot ol W,WfijJfitt i&e.'a.'**. 
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the B. A. unit \94). Here we have only givea the mere oat- 
line of the process of estimating resistance as an ahsoliite 
velocity. It was essentially by this method, which is dne to 
Professor Thomson, that Messn Maxwell, Stewart^ and JenUii 
(1863-^), with almost perfect experimental and niAthAmatii^al 
skill, measured the absolute resistance of a coil instead of t 
ling of copper wire, and thence obtained a material value for 
a B. A. unit Should the material standard they found be lost 
or damaged, it could be again roiewed by a new determiiia- 
tion. The obtaining of a material from an abstract or idesl 
standard is nothing practically new, for our measures an 
got from the length of the seconds pendulum at London, 
which requires as much care and skill in ita d0teiminstio& 
as the B. A. unit. 

131. BelatioTU of (he Owrrent ElemerUs to Work. — ^A lesLstance, 
accordingly, we express as a velocity. Suppose, now, oar 
mietre slider moves with a velocity I per second, and tiiat t 
current of the strength, s, is produced in a magnetic field of tfai 
intensity hy then the work, ir, expended per second in moving 
it through I metres per second will be the velocity, I, molti- 
plied by the product of the current », and the intensity d 
the field h, ov w = Ish. Now, when I measures the resist- 
ance of the circuit, s equals hf then w = s^l; that is, the 
work done per second by a current s, in a resistance If 
equals the square of the current multiplied by the resistance. 
We know from Ohm's law (95) that e, the electro-motive force, 

w 
is equal to U. Hence w = es, or e = ~ ; that is, ,the electro- 

motive force is equal to the work done per second divided by 
the strength of the current. , 

According to any absolute system, a unit of electro-motive 
force is capable of transmitting a unit current against a unit 
resistance in a unit of time. According to the British Asso- 
ciation system, a unit of electro-motive force is thus capable 
of overcoming a unit of force through 10,000,000 = 10' metres 
in a second, or of performing 10,000,000 units of work in that 
time. 10' electro-magnetic units of work are equivalent to 
r-sVr P^ ^^ ^^^ grammes in weight raised one metre, or . 
1,019,200 gramme-metrea. A. -vimX. ol -wotV Sa ^^ ^5«sfc<i{ * ^ 
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*»it of heat ; hence the nnil alectro-ra&tive force ia a circuit 
^ renstance one, produces iu one second ff^ of 10^ or 24007 
kKkila of heat, or as much heat as will raise 2406'T grammes of 
N^Bter 1° C. It is found also by experiment, that a unit current 
^Hi, per second, decompose 0'0OQ2 grammeB of water, or 
SeneTBte 17'2 cubic centimetres of esplosive gas at the 
■Demperatore 0° C, and under a barometric pressure of 760 
kliillimetTes, This is called the electro-chemical equiiialerU of 
^Kater. As the chemical equivalent of water is 9 and of zinc 
Si's in eacli cell of a battery generating a unit cutient, 
^4332 of a gronmie of zinc is disaolved per second, apart, of 
•notuae, from local action. A resistance is thus expressed in 
KTelocity, a current in units of force, and electro'inotive 
Jonse in units of work. 

132. Practical Application of the Ahtolute System. — Two 
fluogs are necessary to apply the absolute system — a tangent 
gilranometer, and the determination of the horizontal inten- 
nty of the earth's magnetism, expressed in units of force, at 
the place of observation. This last for London was (January 
18S5) 1-764. The formula for the tangent galvanometer can 
be easily adapted to this syetem. T, in fig. 82, represents the 
boriaintal intensity. In the position that the needle takes 
up, the portion of the horizontal intensity acting is T sin. d, 
udthis multiplied by ML, the magnetic moment of the needle, 
gives its whole turning force on the needle, M being the 
nrength of one of the poles, and L the distance between the 
poles. The electro-magnetic effect of the ring is represented 
by C, and in the deflected position of the needle the resolved 
part acting is C cos. d ; this, again, must be multiplied by ML 
to give the turning force on the needle. Thus, CML cos. d = 
TML Bin. i, or = T tan. i. Bat C gives the force of the 
whole circumference. From this we must get the effect of 
one metre of the current bent into an arc of a circle one 
metre in radius. If R be the circumference of the ring, or the 
lei^th of the wire coiled into a ring — for frequently the tan- 
gent galvanometer is constructed ■with a coil of wire instead of 
oae liag — then as this acts at a distance equal to r, the radius 
^»e wit C = 5. s, or S (strengtK) = ^C. T^ma, ?. = 
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Mdb M tt> Make i 45* (tn. = 1}, S wiU be OOOSK V 
bn^ a4utfc » whit cne MBlM of it en cAect on ■nothcc I 
cnnH^or on a nnit pA ntaatad m almdj memtiMwdi 1 
cmtnt, in «w rant of KSHtanee, pndncM (<M)G89G)' X 
ZC7&I UBOtK cf work per aceond- In a Mati^ui; wi^,' 
lunrerer, ihiawoik canuM be perfonnad, so that it t^Hlki 
fona of heaL The ouitB of best gEUerated by it an (fyOSSSIf 
X KF -^ 4155 = 83636 ; that is, that the beat pradnced pK 
■econd b; thi« correat in a unit of reaUtacce ia opaUt d 
lainiig the tempeiatnre of 8*3615 gtatnsnee of water 1' C iii 
■econd. Tfais cmrent will also decompoK 0-05S9S X omU 
gnunmes of water per second, or 60-S cubic centimttrea of p* 
per misnte. On corapaiing the resolls on Qas systaD ai 
that of the electro-chemical imita adopted in art. 96, it miut tn 
borne in mind that the whole electro-magnetic effect of titt | 
ring «aa coupled with 60 cubic centimetre per mintiU in 
the expreation S = 60 x tan. d ; whereas in the ahsohd' 
■jstem, which requires that 571" **f ^^ ting produce tl^ 
deflection of the needle, this eiprcaeion would be S = ii) 

X , S in the former ia therefore 6-2832 times S in tin 

latter Bystcm. 

Let us now ascertain in absolute units the electro^ooliTa 
I farce and liquid resistance of the Buiueu cell mentioned in 
L art 9a With no interpolar reaifltanQe, the Btrength of 
m the current, as xheom by the galvanometer (d = 53^°) is 
r frOTSeO, and with one B. A. unit interposed {d = 121°) 0-0131 ; 

eoneequently, by Ohm'u law, 0-0786=-', and Ofll31=i-^i 

whence a = O-01672 of the B. A. unit of electro-motive force 

(W nnits of work pei eecond"), aai I = cvi of ». B. A, unit d 

Liwiatanfe (10' roetres pel secouAY Tue AeiAKmm'ftMt ^ssw 
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of Daniell's cell, the most constant of all, is given hj Joule 
as 001073, and hj Bosscha, who adopts it as a unit of 
eLectro-motive force, as 0*010258 of a B. A. unit Both of these 
lather exceed the value given in article 85, which is, on 
leduction, 0*0094. 

The system of absolute measurement is entirely due to 
Professors Weber and Sir William Thomson. Weber (1851) 
first proposed a system of absolute measurement ; the sugges- 
tion was immediately taken up by Sir William Thomson 
(1851), and the relations of the current to work in the system 
were first shewn by Imn. 



THERMO-ELECTRICITY. 

Thermo-electricity treats of the currents that arise firon 
heating the junction of two heterogeneous conductors. Such 
currents can be obtained in many ways, but we shall hen 
simply indicate the more important 

133. Thermal Currents with one MetaL^—Teike a copper wirei 
cut it in two, and fix each half in one of the binding screwi 
of a galvanometer. Heat one of the free ends to redness, and 
press it against the other, and a current will be generated, 
passing at the junction from the hot to the cold end, as shewn 
by the deflecting needle. The same production of a current 
by heating one piece of wire, and bringing it in contact with 
a cold piece of the same, is more decidedly shewn with two 
pieces of the same platinum wire attached to the bindmg- 
screws of the galvanometer. To increase the surfaces of con- 
tact, the free ends of these wires are coiled into fiat spirals. 
One of the spirals is heated to redness, and pressed on the 
other. A current is then formed, passing from the hot 
to the cold wire. In almost all cases where portions 
of the same metal at ditferent temperatures are pressed 
together a current is produced, the direction of which depends 
on the metal, and even on the structure of the. same metal 

Currents are also obtained when two portions of the same 
metal or piece of metal have different structures, and the 
point where both structures meet is heated. If, for instance, 
one piece of wire be hard-drawn and the other part annealed, 
when the seat of change from the one to the other is heated, a 
current is produced. Thus, if a hard-drawn wire of brass be 
partly annealed, and the separation between the two parts be 
heated, a current passes at the junction from the soft to the 
hard part. Or if the whole be annealed, and one part of it be 
hammered, the hammering makes the other part harder, and 
the current, when the junction is heated, passes from the soft 
to the hard part. The direction of the current differs with 
difterent metals in these c^icumsXasaa^*.. ^^-a. ^^ ^sfi&xftnce 
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I of structure introduced by tlie twieting of a portion of a, «'ii«, 
I causes a current to flow when the wire is heated in ths 
vicinity of the twist. Thns, when a knot is tied on a pladnum 
vire, or when part of it is coiled into a spiral, a current passes 
idways towards the knot or coil when the flame of a spirit- 
lamp is directed on a portion of the wire aeax the knot or 
spiraL The twisting, in this case, acta bh hardening or 
hammering would do. By running the flame of a spirit-lamp 
along a metal, it frequently happens, more especially if it be 
of s crystalline atructiu'e, that currents are produced at certain 
points. These points are supposed to indicate a change in 
structure. If a bar of fused antimony have its ends con- 
nected, with a galvanometer, and examined in this way, ^nutral 
pointa are generally found. The flame of a lamp generates a 
current near these points, always pasdng towards the point, 
and changing in direction with the change of the side on 
which the flame ia applied. Bismuth shews neutral points, 
but the current always goes from the cold to the hot part 
acrOBS the neutral point In bats of these metals which are 
crystalliaed regularly and slowly, no neutral points are found. 
134. Thermal Currentt leith two Metals. — A current ia 
always obtained when the point of junction of any two metals 
is heated. The two metals which shew thia property in the 
greatest degree are bismuth and antimony. When 
a hex of antimony, A (fig. 123), is soldered to a bar 
of bismuth, B, and their free eiteemities are c 
nected with a galvanometei\ Q, on the junction 1 
being heated, a current passes from the bismuth 
to the antimony as shewn in the figure. When S 
is chilled by applying ice, or otheiwise, a current . 
ia also produced, but in the oppoaite direction. 
Snch a combination constitutes a thermo-electric 
pair. Applying the same mode of explanation to 
thia pair that we applied to the galvanic pair ( 
(64), bismuth ia + within and — without the pair, 
antimony — within and + without the pair. Bis- p, 
muth thuB forms the — pole, but + element ; 
antimony the + pole, but — element of the "pait. The a 
miy be classed ia thermo-electric juat oa \i1e5 wetft vd. e 



■bBiuicftl arte. TTbe ioILDvrittr tiUe girei tiiem in this a 
tbf- dme^oL d tbe s=mr sbndzig hofw the canent 
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1^ nrte xnc xtoL'Sfcs in i^ taliile arc those giTen 
VjKhNneiL Tbf- mon'Sen piY lite rdisare eleetxo-i 
foTOK. mdnp xaucrliayi an i^ sckle of oopper-dlTer as 
The r^uaer tbf diffeccQ^- bec^rMn tbe two numbei 
fTMtfs- tbe ftift^Tir^-infCiT'f f :«r?fi. Wliea two metals wi 
sftiDf fiirn jLTf »»xaaT-fti. ibf di5s*a» of fee nTimber 
ibf <-j<vsr>-TJi:ii.T£ i.-irr* ci ib*- jitir. wixh iif erent signs th 
Tin* ibf <-je»."C*>-ra.iir:T'f f:ir» :i[ a bisraiitli and ant 
Tttir » i5^ — V— IC* = S5 : of bissmili-copper. 25 — 1 
Cif iroa-4:Ltiza:c:T. — ^— — 10 =5l TellTuiiiin, £r 
nKtr, rxLZj.u "be T.rana.-allT «riT>!."^vei The stnictni 
psrinr eierciae in irLTK'irriL::: iii5ii«»e on the electro-i 
f.Tr«. The n^izz'Ser? ci bisEinA lad antimonT in th< 
aw p'f'rn f:ir ihc«e iagrA.> when cast. Commercial j 
wire oi bismiiih w:*:ili s:und as 3<fl. ani astimonT as — 2. 
penScre has also an impcvrurt inf nence in detenninix 
table. The crder and ncmber* pven are for tempe: 
l«etween 40' and I'X*' F. For cnher temperatures, th< 
wo^d be different fcr several of the metals. 

It will be seen that meials like bismuth and anti 

which hare a crystalline structure, are best suited for a tl 

electric pair. We foTxnd '2i5^ \bax WonM^Mi^ ^W^l 

Mbewed an oppoate electricity ax caRVi ca^ U w 
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; power like the metals jaat named, we might 
'; cotrent instead of men 
■ piobiUe that the crjBtalline Etractiue, how- 
ls for the appeaiBuce of electricity in both cues. 
Baitery. — One bismnth-antinionr pail ia 
_^ . To increaie this, several q 

T**ia are aasocialfd together, as ihewn in 
^S- 123, where the Eome tenaion-anange* 
**>CDt is adopted as in a galTanic battery. 
^^e heat in this case must be applied only 
*'* one row of soldered iacea. The current 
^ect depends on the difference of tempera- 
''Jre of the two ades. When a strong 
ctttrent is required, the one teries ninst be 
*epi in ice or in a freezing miiture, whilst 
Uie other ix exposed to heat radiating from 
^ red-hot plate Of iron. As in the galvanic 

pair, the electro-motive force a proper- "" 

tianate to the nnmber of purs ; the size of the bars, like 

the liie of the galvanic platea, merely aidbg to diminish 

the resistance. The electro-motive force of a themo- 

electric battery is small ; according to Di Mathiessen, that 

of 25 bismuth-telluriiun patTH equalling one cell of Darnell's 

battery when the one seriea is kept at 32" F. and the other at 

SIS' P. In consequence of the low electro-motive force of 

the thermo-electric battery, the galvanometer to be ased with 

b it most introdace as little reeist- 

^^Maee aa is consistent with the 

^Bfaft effect on the needle. Hence 

^H^^ecial galvanometers are used, 

^P« which the coil wire is short 

f {200 tuma) and thick (A inch) ; 

these are called thermo-galva: 

When a great number of pairs 

are formed into a battery, they 

may be conveniently arranged as i; 

one of 30 pahs. The odd facea, 1, S, b, &a,, wa ftx^iaed on 

^Hfei one Bide, and the even facea, 2, 4, 6, fw,-, i^ *«■ 'iiwt'L, 




. 124, which shews 
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The termin&l ban are connected with the binding urewi < 
n, p. The intentius of the ban aie filled with insolsliiig 
mAtter (gypeiuii) to keep them aepante, and the fiame in 
which the whole is placed is of non-coadactiiig nuttet 
Such a pile in conjnnctioii with a thermo-galvanometer fonna 
a most delicate thermometer for radiant heat When placed 
ia ■ room, the temperatnre of which is equable all nrand, 
no current is produced ; but if heat be radiated more on 
one side than another, t, current ensues. If the hand, ivt 
instance, be brought near on the one side, a current indicate* 
it* radiant power ; or if a piece of ice be brought near, i 
current is also shewn, but moving in the oppoaitA way. 

13t>. Thtitaal Effect* prodwed by Ihe Qaivaiiic OvrmO. — Ai 
heat or cold produces a current at the junction of two dis- 
similar conductors, we would expect that if a galvanic cunent 
be made to pass through the junction, heat or cold would 
follow, and such is found to be the &ct. When a cunent 
fiom a voltaic cell, passing, as ahewn in fig. ISSs 
through a system of three rods of biBfflUth, 
antimonj, and bismuth, at the junction, 
where the current passes firom biamath to 
I antimoD J, cold is produced ; and at the 
other, from antimony to bismuth, heat. If, 
for instance, water be placed in a hollow at 
cither junction, cooled to 32° F., it will 
become frozen when the cuTKnt passes bom 
the bismuth to the antimony. When the junc- 
tion of these two metals is pnt into the bulb of 
an sir thermometer, so that a cnrrent can be 
sent through it in either way, the air expands 
urrent goes from antimony to bismuth, but con- 
tracts when it goes in the opposite way. Powerful currents 
must not be used, otherwise heat will be produced at all the 
junctions. 

Seebeck was the diacoverer (1821) of thermo-electricity; 
Nobili invented the thermo-electric pile (1834) ; Peltier (1834) 
first observed the thermal effects of galvanic currents at die 
jUGction of heterogeneous condoctoie. 



iCTICAL APPLICATIONS OP CURRENT 
ELECTRICITY, 

Electro-Metallnrgy. 

136. Electro-metallurgy (Fr. galvanopla^tie, Ger. Galvano- 
plattiJc) is the art of depositing, electro-chemically, a coat- 
ing of metal on a emface prepared to receive it {102, 105). 
It may be divided into two great divisions — electrotype 
Slid electro-plating, gilding, &o, — the former including all 
cases -where the coating of metal has to he removed &ojn the 
surface on which it is deposited, and the latter all cases where 
the coating remains permanently flied. Gold, platinom, 
lilver, copper, zinc, tin, lead, cobalt, nickel, can be deposited 
electrolytically. 

EUcirolype — the art of copying seals, medala, engraved 
plates, ornaments, &c., by meana of the galvanic current in 
metal, more especially copper. The manner in which this is 
done Till be beet nndeietood by taking a particular instance. 
Suppose we wish to copy a seal in copper : an impression of 
it is first taken in gutta-percha, sealing-wax, fusible metal, or 
other subatBQce which takes, when heat«d, a. sharp impression. 
While the impression — say, in gutta-percha — is still soft, we 
insert a wire into the side of it. As gutU-pcrcha is not a 
conductoi of electiicity, it is necessary to make the side on 
which the impression is taken conducting ; this is done by 
bmahing it over with plianbago by a camel-hair brush. The 
wile is next attached to the zinc pole oi a weakly charged 
Daniell's cell, and a copper plate is attached by a. wire to the 
copper pole of the cell. When the impression and the copper 
plate are dipped into a strong solution of the sulphate of 
copper, they act aa the — and -|- electrodes. The copper 
of the solution begins to deposit itself on the impression, 
fiiBt at the black-leaded surface in the vicinity of the con- 
necting wire, then it gtadnally creeps over the whole < 

" g sariacft After a day Oi two, ftie \m^Ki«iWi.Sa\aissa. 
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out ; and Uie copper deposited on it, wltich has now fonned 
a lolemblf strong plate, can be etMily removed hj insettiDg 
the point oS a knife between the impreaaion and the edge of 
the plate. On the side of this plole, next the tnattii, we hire 
a perfect copy of the original eeaL If a medal or coin is b be 
taken, we may proceed in the same way, or we may take the 
medal iteelf, and lay the copper on it. In the latter case, the 
first cant, ao to apeak, that we take of eacii face is nt^tive, 
shewing dcpreBBio:iB wlierc the medal shews relief ; but tliis 
U taken aa the matrix for a second copy, which exactly 
retemblea the original. The adhesion between the two ii 
■light, and they can be easily separated. The ceC of a battery 
is not needed to excite the current 
A galvanic pair can be made oat 
of the object to be coated and • 
piece of idnc. Fig. 126 shews how 
this may be done. E is a ^»» 
vessel, containing sulphate of ct^ 
per ; A is another, supported on 
E by a wire &anie, and contAining 
a weak solution of sulphuric acid. 
i The glass vessel. A, is witiiont a 
bottom, but is closed below by 1 
bladder, A piece of sinG, Z, la 
put in the sulphuric add, and s 
nsulating varnish, establishes a con- 
nection between it and the impreasion, 0, which is laid belo* 
the bladder. Electrotype is of the greatest importance in tha 
arts ; by means of it, engraved copper plates may be mnlti- 
plied indefinitely, so that proof-impresaions need be no tviSj; 
wood-cuta can be converted into copper ; bronzes can 1» 
copied ; and several like applications are mode of it tM 
By connecting n copper plate ready 
1 with the + pole, and making it a -i- electrode, 
it can be etched with more certainty^ than with the aimpls 
acid, and without the acid fumes. 

137. EUdTO-platirtff. — This is theart of coatingthe baser met»lj 
iriih sUver by the galvanic current. It is one theoreticaUyjt, 
great simplicity, but requires in. ftie axwaeafci. 
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. very coDsiderable experience and ahill Articles tliat are 
lectro-plated are generally made of brass, bronze, copper, or 
lickel ailver. The best electro-plated goods are of nickel 
ilver. When Britannia metal, iron, rinc, or lead are electro- 
plated, they must be first electro-coppered, as silver doea not 
•rdbere to the bare surfaces of these metals. Great care is 
kaken in cleaning the articles previous to electro-plataug, for 
■my surface impurity would spoil the success of the operation. 
"They are first boiled in caustic potash, to remove any adhering 
(raise ; they are then, inmei^d in dilute nitric acid, to 
dissolve any rust or oxide that may be formed on the surface ; 
tnd they are lastly scoured with fine sand. Before being put 
into the silvering bath, they are washed with nitrate of 
meicory, which leaves a thin film of mercury on them, and 
this acts as a cement between the article and the silver. The 
iMth where the electro-platiEig takes place is a large trough of 
etithenwaTe or othei nou-coudncting substance. It contains 
t weak solution of cyanide of silver in cyanide of potassium 
(water, 100 parts ; cyanide of potassium, 10 psrta ; cyanide of 
nlver, I part). , A plate of silver forma the + electrode ; and 
tlte articles to be plated, hung by pieces of wire to a metal rod 
lying across the trough, constitute the — electrode. When 
Uie plate is connected with the copper or -|- pole of a one or 
more celled galvanic battery, according to the strength 
required, and the rod is joined with the zinc or — pole, 
chenucal decomposition immediately ensues in the bath, the 
silver of the cyanide begins to deposit itself on the suspended 
objects, and the cyani^n, liberated at the plate^ dissolves it, 
le-fonning the cyanide of silver. According, then, as the 
iolutiMi is weaiened by the loss of the metal going to form 
the dectro-coating it is strengthened by the cyanide of silver 
farmed at the plate. The thickness of the plate depends on 
the time of ita immersion. The electric current thus acts as 
the earner of the metal of the plat« to the objects irrunejsed. 
In this way, silver becomes perfectly plastic in our hands. 
We can by this means, without mechanical eitertion or the 
craft of the workman, convert a piece of silver of any shape, 

EI irrtigular, into a unifonn plate, ■wHc.^i iMv«ra, but in 
defaeea, objects of the moat coHiftca.'tei wii i.'Si'aSjft 



forme Wtien the plated object! are taken from the bid^ 
they appear doll and white : tlie dnlness is fint raoavcdbr 
s imall circolsr bnuh of bisM wire driven bjr aUtlie,tadd» 
fiual poluh is givicD b^ bamwhing. The procew of ekctnii' 
gilding it oltnoct identical with that of eleetro-plitus 
onlj the BointioD mnEt be kept hot. Sacceaa in diha ii 
attained hy proper attention to the etrength of the bitteq; 
the streitgih of the Bolntion, the temperature, and the Bte ii( 
the -(- electrode. lu Biimingjiam, magneto-electric nufhiiwi 
are lued extensively for faniiihing the ncriiiiaty cnnent id 
phtting. 



r Electric Light 

138. When the enda of two wires which form the polea rf» 
powerful galvanic batter; are madB to touch (100), and thman 
Kpaiated for a short distance, the carrent which paaaea lAo 
the contact is made does not cease with the Beparatiiin, bat 
forces its way through the intervening aii, accompanied iri&' 
an intense evolution of light and heat. So great is the but 
evolved that the nioat refractory metals are melted by i^ and 
therefore some snbatance rivalling the metals in conducting 
power, but much more infusible, most be found to act as the 
poles, to allow of the continuation of the current in snch 
circniQstancea. The various forms of carbon are well snited 
to thia purpose ; the more compact forms of choicoal answer 
very well ; baked carbon (85) answers better ; but the coke 
that is sublimed inside the retorts in the distillation of gu, 
both for durability and conducting power, makes by &r the 
beat poles. Sir Humphry Davy (1813) first discovered and 
described the electric light. Fig. 127 represents a simple 
arrangement for producing it. The carbon-points, P, N, ue 
fixed into hollow brass rods, which ore connected with the 
battery by wires entering at the binding screws «, i. The 
rods slide in the heads of the glass pillars A, A, fiied to a 
ttand, so as to admit of tha points being placed at difierent 
diaeances. ThewireBfifomfke\iBttftty--^\ja>i«ai5,-5TO^nl-j«iu- 
BBcted, the points ate made to tofteXwA «»*«». 
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this arch of flamey or voltaic are (Fr. are voUaliqw, Qer. 
galvaniteher Fkmvmenbogen^ as it is called, is the most intenBe 
that can be produced. Platinmn melts in it like "wax in the 
flame of a candle. Quartz, the sapphire, magnesia, lime, and 
other substances equally refractory, are forced by it into a 
state of fusion. The diamond when placed in it becomes 
white hot, swells up, fuses, and is reduced to a black maaa 
resembling coke. In this condition, it is still hard enough to 
scratch glass, but possesses almost no consistency, giving way 
to the pressure of the fingers. 

The electric light is caused, not by the combustion of the 
carbon, but by its being brought into a state of incandescence. 
The electric light can, in consequence, be produced in a 
vacuum, and below the surface of water, oils, and other n(ni- 
conducting liquids. It is thus quite independent of the 
action of the air, a circumstance which may yet be turned to 
useful account. 

With a battery of some fifty Bunsen's elements^ a lig^t tt 
produced of very great brilliancy ; but when very great powet 
is to be obtained, as well as brilliancy, twice or thrice that 
number must be employed. Fifty cells give an electricity of 
the needful tension to produce the light; and if more be 
employed, they must add to its strength, and not its tension. 
Thus, if 150 cells be used, they would be best arranged in 
three batteries, the -f poles of all three being joined to form 
one -f pole, and similarly with the — poles. With a batteiy 
of forty or fifty cells, no pointing of the rods is necessary, as 
this is done by the action of the electricity itseH 

The spectrum of the electric light is found to abound in 
violet rays, and hence it is well adapted to photographic 
purposes. Fizeau and Foucault foimd that with a batteiy of 
46 Bunsen cells, a light was obtained which had 34 times 
the photographic efficacy of the lime-ball light, both being 
tested by the effect produced on a plate covered with the 
iodide of silver. The same electric light, when compared in 
the same way with the sim, was found to stand as 23 to 100. 

139. Electric Lamps, — ^Various arrangements have been 
invented for maintaining the steadiness of the electric 
light. The aim in all such is to keep the carbon pointS) 
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by some mcolinnioal contricftnce, witliiu such a distance of 
each other that the curreitt con paaa between them. Foncaulti 
aided by Duboscq, woa the flret (1849) who conatracted 
an electric lamp of thia description. In it, by aid partly 
of an electro-mi^et, and partly of clock-work, the two 
pointB are mtule to travel towards each other at rates 
eorresponding to those of their consumption, the + pole 
in thia way travelling faster than the — . A detent is 
fixed to the keeper of the electro-magnet, which locks the 
clock-work when the keeper ia bronght up to the magnet, 
and withdraws it when it is away from it. The keeper is 
acted upon by a counter-spring, which draws it away from the 
ini^;net when the current does not circulate, or when it is too 
weak to act effectively. Thus, when the points waste away 
and separate from each other, the current becomes weaker, and 
when it gets so weak ns to impair the splendour of the light, 
it is so arranged that the spring draws away the keeper, and 
thereby hberates the clock-work. The points are now made 
to approach until the current, by the Hearing of the points, 
acquires sufGcient strength to draw the keeper to it and insert 
the detent There is thus a constant locking and unlockii^ 
of the clock-work, and the points are kept at the distance 
fitted to produce the most brilliant light. In the simpler 
form of lamps, provision is not made to keep the points, as in 
DttboBoq'B, at the some absolute position, but it is only sought 
to keep their relative distance the same. The consumpldoa 
of the — pole ia so alow that it occasions little incon- 
venience to keep it fixed, and to confine the motion of 
approach to the -f pole. An ingenious and simple lamp 
of thia kind is made by Mr Hart of Edinburgh. The 
weight of the rod in which the carbon is fixed snppliea the 
place of the clock-work in Duboscq's lamp, and aii electro- 
magnet lets it descend or locks it, acconling as the carbons 
are consumed. A lamp of either kind gives a brilliant 
illaminatioa to the nu^c lantern or solar mioTOSOope. 

140, The attempts which have been made lo substitute the 
electric light for coal-gas in lighting np streets and public 
places, have hitherto proved ursuccessful. One element of 
imperfect success is to be found in the uncertainty of the 
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light and the core attending its use. By contrivances siiuilar 
to those described above, the light may be continued for 
hours, but even then it is by no means perfectly steady, and 
the apparatus cannot be safely left without an attendant 
Another arises from the striking and unpleasant contrast of 
light and shadow that accompanies it, rendering, as it were, 
the surrounding gloom as manifest as the brightness of the 
light It has, however, been used with excellent effect where 
a limited space had to be lit up for a few nights, such as in 
the construction of bridges across rivers and the like. It has 
also been applied with success to light-house illumination. 
The light-house at Dungeness has been lit up with it since 
1862, and that at La Heve, near Havre, since 1863. It has 
been found from these that the power of the electric light to 
penetrate fogs is immensely superior to that of the usual oil 
light At both light-houses the current is got from magnrto- 
electric machines, driven by steam-engines. The machine at 
Dungeness was designed by Professor Holmes ; it sends, by 
means of a commutator, the current in a uniform direction 
to the carbon points. The intensity of this light is said to 
be as 7 to 6 when compared with that of sunlight At 
La Heve, the alternate currents are sent to the points 
without the intervention of a commutator, which is attended 
with this advantage, that both carbons are consumed at the 
same rate. The carbons are ten inches in length, and 
last five hours. They are kept one millimetre ap^ The 
expense of maintaining the light, including coals, interest 
on capital expended, carbons, salaries, &c., is about two 
shillings per hour at La Heve. The galvanic battery has 
hitherto been found too troublesome a source of electricity for 
light-houses. Duchemin has lately, however, constructed a 
marine battery, where a constant current is maintained by the 
simple action of sea water on zinc, which may yet prove 
important for such purposes. A cylinder of carbon and a 
plate of zinc are attached to a float of cork, and moored bv 
conducting wires to the shore. As the supply of the exciting 
fluid is inexhaustible, no care is needed to keep the pair in 
steady working order. It has yet only been tried on a small 
scale. 



AT A DISTANXE- 



Explodlug Gunpowder at a DiBtance. 

U. The application of the gftlvanic current to esplodin}; 
Mwder at a diatance depends on the power it has to ignite 
s of comparatively bad conducting metals, snoh aa 
^imd platinum (100). The cunent must he transmitted 
"" a point where the eiploaion is to take place hy good con- 
g wires, and the thin wire is made to connect the two 
t of these wires iu the gunpowder. A red-lieat is thus 
f developed at the spot where it is required. The circuit 
t completed until all arrangem-enta for the hlnating are 
1^, and all persons couuected with the preparations are at 
'jB distance from it. Roberta (1838) devised a method of 
tacting galvanic hlasting which has since 
e universal. It is shewn in fig. 128. A tin 
j^ 3 inches long and } of an inch wide, is filled 
h gunpowder, and stopped with a cork at each 
Through one of the corks, two copper wires 
■ Jiuerted, ending in the cartridge in something 
1 pair of bonis. The wires are insulated 
B each other by woollen yam. They are eon- 
l without the cartridge for ahout 10 feet, 
B they part company so as to allow the battery 
a attached to them. The ends of the 
H within the cartridge ore connected by a thin 
ll wire, ^ an inch in length, wound round and 
d to each of them. At the ends there is of 
o insulating matter ; indeed they must lia 
IT cleaned so as to make the coimection with 
them and the thin wire complete. When a hole is bored for 
blasting, say 6 or 7 feet long and 2 inches wide, the charge 
of powder and the cartridge are inserted so that the cartridge 
lies in the middle of the charge, and the rest of the bore is 
filled with straw and sand in the usual way. The lO-foot 
wires project beyond the hole, and the battery-wires can be 
conveniently attached to them. When all is ready, the circuit 
is completed, and the explosion immediately follows. The 
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tteel wire is bnTtit away by the current, bnt the long copper 
wires are uninjured, and ready to lie fitted np as befora SncJi 
cartridges are generally kept ready for use in mining estsbliBh- 
menta. In long circuits the function of the return wire 
he performed by the earth, as in the electric telegraph. 

When aeveral charges have to be fired at once, the wiolt 
nre generally included in one circnit As there is alwap bo, 
difference in the at«el wires, or in the way they are AtuA, 'S 
not unfrequently happens that one cartridge is fired befiae 
the others. The circuit is thus broken, and the others at 
imflred. "With this arrangement, there is no certainty oti 
HiuiiRaneous discharge. In such cases, the gulTacic a 
rent muHt be abandoned, and recourse must be had to ll 
electricity of the induction coil. If the ends of Uie wtf 
within the cartridge be brought so near that the induced eg 
rent can leap over the distance between them, no steel win U 
needed, the inductive spark itself can effect lite ignition. AJtn 
explosion, the distance of the ends remains the same and tot 
sparks continue. If, then, there he several charges to be find 
in the same circuit, the firing of one does not stop the cmrent, 
which continues even after all have been fired. The induB- 
tion spark does not, however, kindle gunpowder with e 
tainty, so that between the ends some material must be 
plac^ more easily ignited than gunpowder — such as white 
gunpowder, gun-cotton, &c Wlien the number of simulta- 
neous explosions is great (five or sis), some very readily 
exploded substance, such as fulminating mercury, must be 
placed in the path of the spark discharge. 

Ahels faies, lately introduced, are all that can be wished in 
the way of certainty and simplicity. Abel does not use a thin 
platinum wire between the two circuit terminations, but he 
nsea what is in effect the same — a mixture that conducts, bat 
condncta with difficulty. His fuses are primed with a mixtoM 
of chlorate of potassium, subphoapHde of copper, and aubsnl- 
phide of copper. The conducting ingredient is the anbsul- 
phide of copper, which must be added in anch a proportion as 
to render the whole difficultly conducting. When the current 
passes through the mixttire, it develops sufBcient heat to 
«;q)lo<ie it, and thereby the charge of gunpowder. Abel's i 
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ire chiefly intended for the electricity of the magneto- 
z machine or of the induction coil, although the 
Lents may be so compounded as to serve also for that 
voltaic battery. A very smaU machine is sufficient 
le purx>ose. The little pocket machines employed 
idical purposes Are readily one of these fuses. They 
ry small, some of them about half an inch in length, and 
Le thickness of an ordinary pencil 



Electric Clocks. 

Electric clocks may be divided into two classes— those 
Lch the impulse is given to the pendulum directly by 
c power, and those in which it is given by a weight or 
alternately liberated and restrained by electricity. Of the 
ind, that invented by Bain (1840) is best known. In the 
ry clock, it is the clock that moves the pendulum ; in 
clock, it is the pendulum that moves the clock. As 
instruction of the pendulum is the only part of it 
;ted with electricity, we shall confine our notice 
general description of the pendulum action. The 

lower part of the pendulum ar- 
rangement is shewn in fig. 129. 
The bob, B, consists of a bobbin 
of insulated copper wire, and 
is hollow in the centre ; the wires 
v)y w from both ends run along 
each side of the pendulum rod 
R (the lower part of which alone 
is seen), and are in metallic connec- 
tion respectively with the two 
springs from which the pendulum 
hangs. Two magnets or bundles of 
magnetic rods, NS, N'S', are fixed at 
either side of the bob, and are of 
limensions that jbhe hollow bob ui lis oscillation can 




Fig. 129. 
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a certain way over each wilhont touthing. Tte langnct* 
have their like poles turned towardB each other. The 
epriaga of the pendulum Tod are in connection -with the 
poles of a giJvanic buttery. In the connection between one d 
these Bprings and the battery, there is a break (not shewn in tl» 
Hg.), worked by the pendnliun rod. When the pendBlnm is 
made t« luove. Buy towards the right, it ehifta a sUder, kkUi 
complete the connection between the polea of the battoj. 
The current thereupon descenda one of the wirea of the pen- 
dolnni, passes through the coil of wire forming the bob, sai 
ageends by the other. In so doing, it converts the bob ifito a 
temporary magnet (113), the south pole towards the right,aiil 
the north pole towards the left In this way, the south pole of 
the bob is repelled by the south pole S of the right-hanl 
mi^et ; and ita north pole is attracted bj the south pole S 
of theleft-handmo^et, so that from this double repulaion Mil 
attraction both acting in the same direction, the bob recovu 
an impulse towarda the left. Portly, therefore, from this 
impulae, and partly &om its own weight, the pendulnnt 
describes ita left oscillation ; and when it reachea the end ol 
it, it moves the slider so as to cut off the ha,ttery current, and 
then returua towards the right, under the action simply of it) 
own weight. On reaching the extreme right, as belbre, 
reoeivea a fresh impnlse ; and thus, under the electric force 
exerted during its left oscillation, the motion of the pendnluiu 
is maintained. So long as the electricity is supplied, the pen- 
dulum will continue to move. The current required is exceed- 
ingly weak, and Bain considered that it could be eufficiently 
eicited by a plate of copper and a plate of zinc sunk into the 
ground, and acted upon by the moisture usually found there. 
This taHh-baltery, as he called it, was expected to act steadily 
for years ; but the result proved far otherwise, for the soil not 
imfrequently dried up, leaving no trace of electrical action. 
The imperfection of the battery has led to a strong prejudice , 
against these clocks — atrongor, certainly, than they merit It 
has been found, however, by those who have eraplojed them 
for astronomical purposes, that little dependence could ba 
placed on them, and that the proper conditions of pendu- 
lum motion were, from the unsteady supply of electricity, 
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red witJi ; hence the opimpn haa been genemlli accepted, 
P« penihilnia moved immediBtelf by electricity, doea not 
^Tery accurate time; and the efforts that have of late be«i 

" 1 electric clock-making, have aimed at renderi:^ the 
(dnlum independent of the irregularitiea of the motive 

JL Yery important application of Bain's pendulum has been 
B by Mr Jones of Chester, Shortly after the invention 
'a clock, Professor Wheatatone au^-ested that any nnm- 
fcof such clooka could be made to move Bimultaneously by 
ime current of electricity. Mr Jonea haa turned this 
o account in the following way. A standard clock of the 
d conatruction is made, by regulating the flow of a galvanic 
) control the action of any number of copying 
i, likewise of ordinary oonatmction. The pendulum of 
b Btandard clock itself, in no way under electric control, on 
g towards the right, touches a epring, placed at the side, 
^^bj complelii^ the battery connection, and a current ia 
oitted to the copying clocka in a certain direction. On 
B the left aide, the same takes place, but the current 
I time ia aent throi^h the circuit in the opposite 
The pendulums of the copying-clocka are made on 
'h principle, but have, of course, no break to move, as the 
y penduloiQ performs that function. Let ua suppose, 
at firsts that all the pendulums are at rest ; in this case, no 
carrent is transmitted. Let the standard pendulum now be 
moved tfl the right, the right spring is touched, and a current 
at the same instant circulates through the bobs of the copy- 
ing penduluma, and they thereby receive a simultaneous 
impnlBB towards the left. All the pendulums move then to 
the left ; and on reaching the extremity of this oacillation, the 
Btandard pendulum touches the left spring, and the secondary 
pendulums are now impelled to the right. The motion of each 
secondary pendulum soon increaaea, until it reaches its proper 
extent The pendulums once set a-going, are, however, not 
intrusted solely to the stimulus of the electricity, but are 
moved by their own weights, as in ordinary clacks, so that if 
tiie electricity ceased to be sent to them, they would go on 
^Mbout it. It might be supposed that a confusion of the two 
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forces, electricity and gravity, would ensue ; such, however, is 
not the case. While the motion of the dock is intnisted to 
its own weight, the pendulum submits docilely to the contrd- 
ling action of the electricity ; and thua a copying clock of 
little value may be invested with all the perfection of the 
most costly observatory dock. The sucoess of Jones's pendu- 
lum has been severdy tested in the arrangement employed by 
Professor Smythe for firing the one o'doek time-gun at Edin- 
burgh. A dock in the castle of Edinburgh is made to liberate 
the trigger of the gun ezactiy at one o'clock. This dock is 
regulated on Joneses principle, by a clock at the Observatory 
on the Cdton Hill, nearly a mile distant The Observatory 
dock, by means of dectridty, sets off a time-ball on Nelson's 
Monument, about 100 yards off, at the same instant The 
faU of the ball, and the flash of the gun, though occasioned 
each by its own dock, are perfectly simultaneous. 

In the second dass of electric dodos the electridty is not 
charged immedlatdy with the maintaining of the p^uloin 
motion, but draws up the weight, or liberates the spring which 
disdiarges that function. This is the same principle as holds 
in what is known in horology as the 'remontoir' escapement. 
Mr Shepherd of London was the first to introduce this prin- 
ciple into electric clock-making, and one of his clocks on a 
large scale was exhibited at the Great Exhibition of 1851. 



Electro-magnetic Machines. 

143. These take advantage of the feicility with which the 
poles of an electro-magnet may be reversed, by which attractions 
and repulsions may be so arranged with another magnet as to 
produce a constant rotation. The forms in which they occur 
are exceedingly various, but the description of the apparatus 
in fig. 130 will suffice to illustrate their prindple of woridng. 
NS is a fixed permanent magnet (it could be equally well an 
electro-magnet) ; the electro-magnet, ns, is fixed to the axiB,^, 
and the ends of the coil are soldered to the ring c, encircling ft 
projection on the axis. TYia Tm!^\«& x,-^^ €iS^ \s^ '-^M^^ajiUbig 
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ilo two halves, and filled with a noB-comhietiiig material, 
hat the halved are insulated from eauh other. Fi'essing on 
broken ring, on opposite sides, are two springs, a and b, 
eh. proceed from the two binding-screws into which the 
ea, + and — , from tlie batteiy are fixed. In the poaitioa 




Wa in the figure tlie current is suppo^ie I to paas along a, to 
^half of the nn^ m connection witJi the end/, of the coil, 
go tliroufab the coil, to pass by g t( the otlier half of the 
g, and to pass alonj, 5 m ita return to the battery, Tiie 
piDtism induced by the current m the electro-magnet, 
kas s a south and n a north pole bv virtue of which N 
■acts t, and S attracts n By thia double attraction, ns is 
nght into a line wttli NS where it would remain, did not 
i then the springs pass to the other halyi.s of the ring, and 
ar»B the current making s ft north and n a south pole. 
iQlsion between the like jroles mstintly ensues, and ns 
irivea onwirds through a quarter rev lution, and then 
action as before between unUka poles takes it through 
ther quarter to place it ones more anally A perpatunl 
ition ia m this way kept uj The miuner in wMch a 
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coiutanl Totaiy motion may be obtained by electro-m%'neCint 

being underatatxl, it 19 easy to conceive kow it may be 

adapted to the diBcharge of regular work. Powerful jnachioe^ 

of this kind have been made with a view to supplant thl 

steam-engine ; but sncb attempts, butb in respect of economj 

ftnd constancy, hare proved nttei failures. It has been, 

found that mio cannot compete with coal as a Bonrea of 

mechanical action. 

Jacobi waa the first (1834) to constraot svich machines. In j 

i38 he constructed a machine of { of a hoTse poirei, by ' 

eans of which he propelled a sniall boat on the Neva. 
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144 The electric telegraph, like every other telegraph, wU 
fit producing intelligible signals at a distance. The etymolog; 
of the word (fefa, far o£^ and grapho, I write) implies that i' 
is an inetniment for writing at a distance ; but it has come ts 
sigmfy any means of conveying intelligence other than by 
Toice or writing. The idea of speed is also implied — telegraph! 
being seldom, if ever, employed where they cannot tianamil 
intelligence at a mnch quicker rate than can be done by lh< 
ordinary means of transit. There are three agenta, which 
from the rapidity of their propagation, are employed fo 
telegraphing — sound, light, aud electricity. Sounds, «uch 1 
those of bells, guns, &c., form a convenient means of sendini 
a single mess^e through short distances. Light and electd 
city immeaaurably exceed sound as ready, rapid, and certaii 
means of telegraphing throngh long distances. Light, thoD(; 
an extremely rapid, ia by no meana a docile agent 1 
proceeds in straight lines, and will not bend round the ball { 

tthe earth, or inequalities on iU surface. The semaphon 
which was an ocular telegraph, and the only good one befbi 
the electric telegraph, illustrated this. Towers had to b 
erected in prominent positions, within sight of each othei 
and the signals, which were made by amis on the Cop of then 
■ u 



TELEGHAPH. 235 

li to he retrnnaraitted at every station. A large and well- 
tiiaed staS was Decessarj to observe and troaemit, and 
litVial the work was elowly done. In. foggy weather, morc- 
iver, the Bemaphore was useless. Electricity, which rivals 
light in speed, is most docile and tmstworthy as a telegraphic » 
s^nL It fiiiently wends its way in all weathers, over plain 
and mountaiii, across sea and land, and delivers its messi^e 
faimliarly in the office or parlonr almost at the precise instant 

The various forms of electric telegraphs in general use are 
flectro-magnetic. The signals are given by the deflection of a 
needle to the right or left, or ty mechanigm connected with 
Ibe amutture of an eleetro-niagnet, which sways to and fro 
under the action of the magnet and a counter spring, or 
liftween two opposite electro-magnets. Electro-cherajcal tele- 
ttajiha have also been designed, bnt they have never come 
wto permanent use. Electric teJegraphs of all classes are of 
twQ kindsx-thoBe which merely give passing signals to the 
observer or listener, and those which permanently record their 
f\g«ElB ; the former may be called signalling, the latter 
iwording telegraphs. The number of inventions connected 
witii the electric telegraph is almost endless, and would 
engross a long aeries of volumes for their descriptioa We 
•hall here content oniselves with giving a mere outline of the 
working of the telegraph at present existing on most lines. 
The forma moat in use everywhere at present are Morse's 
Telegraph and Cooke and Wheatstone's Needle Telegraph. 
For private use, some form of the magneto-electric dial 
telegraph is employed. In point of simplicity and certainty. 
Hone's system cannot be exceeded, and even as regards speed 
it stands equal, or nearly so, to the most rapid recorders. Wa 
shall therefore give an account of the general arrangements of 
ft telegraph chiefly on Morse's system. 

145. Mors^e Secarding Instraiment, or as it is shortly called, 
the ' Morse ' or ' Register,' is ehewn in fig. 131. L is the line- 
wire, and E the earth-wire, conveying the ciurent from the 
distant station. The current thus sent traverses the coils of 
the electro-magnet, MM', the armature, A, of which is in 
conseiiuence drawn down, A is attached to the lever ir, 
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moving round tlte axU k. By the atliautku of A, t!ie Etiil 1' 
is lowered, and brooglit og&iust the stud n. Tlie ancMute 
ninst not touch tha soft iron of the electro-magnet i 
drawn down, for if it did it would stick, and wouli 
iiurttntly relea<!ed when the current ceases (114). 




ncMute I 
n being i 



L 



the end I' h lowered, the end i is raised ; W, at its inner 
end, carries a steel point or stjle, p, which by the upward 
motion is brought against a strip of paper, FP", carried 
towards P' by the roUera rY, set in motion by clock-work, 
C, qiute independently of electricity. Tlie clock-work ii 
liberated or stopped by the an-itch S. The paper is supplied 
from a large ruU or bobbin, above the instnunent, whifih 
turns round as the rollers demand. So long as the style Jt 
elevated, the paper strip is mode by the clock-work to 
against it. A line is thus embossed on its npper surface. To 
facilitate the doing of this, there is a groove in the upper 
roller, opposite the style. When the current from the diswat 
station ceases, the lever lH is polled back to its ori^al 
position by the ^ring s, and the style falls away from the 
paper. To prevent it falling too iar, another stud, la, liea on 
the other side of the a.tis. When the circuit is again closed, 
the style once more marks the paper, and thus the lever ieep 
oscillating under the oppoauig actions of the magnetiiin 
developed by the tcaiismitlei cintesA, aai ■Cot e^asSjaWT tS.'Aa 
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The time that the style ramaina elevated, determines 
kind of mark on the paper, If it ia nearly momentary, a 
^ is imprinted ; for a. longer time, a dash. We have thus 
tbe combinationa of an alphabet in the combination of dots 
dashes. The following is the usual Morse Alphabet : 



n 



^ui A is a dot and a dash ; B, a dash and three dots, &c. 
The alphabet is bo arranged that those letters occurring most 
frequently are more easily signalled ; thus, £ is one dot ; 
T, one dash. An expert telegrapher can transmit from thirty 
to for^ words a minute by this instrument on a land-line of 
between 200 and 300 miles. Several modifications of Morse's 
Itl^raph hare been made, the principal of wliich is to 
eubetitnte ink marking for emboaaing. The beautiful inatru- 
fflents of the Siemens and Halake are of this kind. 

A derk that haa been well accustomed to a Morse telegraph, 
in transcribing, seldom looks to the paper. The mere 
dieking of the lever becomes a language perfectly intelligible 
to him. He need therefore only look to the record when ha 
may have heard indistinctly. Sir Charles Bright does away 
with the recording instrument altogether, and substitutes two 
bells, one mufHed, the other clear, sounded by a hammer 
oBcillating between them. The bells speak a telegraphic lan- 
^'uage as quick as the clerk can write. Recording instruments 
are generally considered preferable to instruments which 
merely signal, as they fix any fault of transmission or copy- 
ing on the parly at fault. Acoustic signalling, again, is pre- 
ferable to ocular aignalling, as a person can hear and write 
much more easily than see and write. 

jyammitting Key. — Let us novf Uaiista o 
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to the distant Etatian, to see Low tbe current is traDsmitteJ 
from it Tliig is done by the tranamitting key shewn in fig. 131 
A brass lever, U, moves raund the axis A. On oppoBite sides 
of the axis 
nipples of platinum, 
m, n, ore soldered b) 
its lower sides. Tbe 
nipple m is called 
the hammer. Below 
n is the stop anvil, i, 
tipped with platinum, 
which i 
tion with tbe earth- 
wire E. Below tbe haitinier, m, lies the anvil a, the nipple 
of which i3 likewise of platinum ; a is connected by the 
wire C with one of the poles of the sending battery, gener- 
ally the copper pole. When the lever is left to itself, n 
and b are in contact under the force of the spring «. When 
the hand preBaea on the ebonite (insiiUting) handle H, 
contact is broken at n and b, and established at m and a. 
Three wires are in connection with the key, E and C 
just niuned, and L the line-wire fioci tbe distant statiou 
connected with the usis pillar, and therefore with the lever. 
"When the key ia in the receiving position, that shewn in 
figure, the current from the eendii^ station takes the r 
L, A, i, n, b, E, the Morse, then to earth. Wlien H is pressed 
down, the key is in the sending position, and tmnsmita the 
battery current by 0, a, m, A, L, to the distant station. The 
pky of the anvil and hammer need not be more than T*jth of 
an inch. This is more than Eufficient (101) for completely 
breaking the current, and it allows of speedy manipidatioD 
147. Tht Battery.— Tb^ batteries employed are in i 
country almost nniversally Darnell's. Constancy and certainty 
of action is what is most wanted in the battery, and this 
Darnell's battery yields. In Germany, Bnnsen's batteiy it 
alao used, charged with diluted sulphuric acid, the carbon 
being immersed in a mixture of 1 of acid to 10 of water, and 
tbe zinc in one of 1 to M. 'Wtati Witetiea have to bo 
■BOfeii about much, sand is -] 
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from spiUing. The number of cella employed vmes witli 
the diiitance, the insulation of the line, and tlie delicacy of 
the inatmmenta. The register, ae afterwards mentioned, 
ii Beldoin worked directly by the transmitted current, 
but by relay. To work a relay with good insulation, 60 
Damell'a cella will sulfice for a distance of 300 niilea. For 
lees distanc^B, less of course will suffice. For short circuil^, 
where the resistance is smalt and current Btrong, small cells 
«wn exhaust themselves ; laige cells therefore must be used to 
maintain the supply. Magneto-electricity is also employed as 
a source of the current. This answers well on short circmta, 
or for private telegraphs, but experience has proved that 
the galvanic battery is by far the most advantageous source of 
electricity for extensive tel^raphic work. 

148. flow Two Statiom are connected Inijdker. — The manner 
in which two stations are 'joined up' on Morse's system ia 
sbewn in %. 133. B and B[ are the batteries at the stations 








fl^ ; i, f are the traosuiitting keys ; 
g, J*, the galvanometers ; LL the line-wire insulated oi 
P, P„ the earth-plates. When the key k, a 
which is here represented as the sending station, is depressed, 
the cuirent from the buttery E taies the following couiBe. 
From the cop])er pole 0, of the battery B, it goes to the anvil 
of k, passcH through k to the galvanometer g, which having 
traversed, it goes into the line LL to the receiving station S^ 
irsreraes the galvanometer, the key k', the co\la oiV^Letegiaiat iC •, 
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thence it goes ' to eartli ' at the pkte P„ letmna by the ground] 
toPBttheBendiiig station, and thnafinaUj leaches the zinopolt 
Z of the batteiy B. At etation S, b and n aie out of dnait ; 
aiid at S,, b' and battery B, are out of circuit ; n if thrown oiil 
of circuit, because its coil offera a resistance equal to Mveral 
miles of the Une-wire, and it is requisite to keep dowa the 
resistance to the minimum. If it were in circuit, bolt 
registers could print simultaneoiisly, but that is not necesaaty, 
one record at the receiving station being enough. The aends 
would thus have no idea as to whether his messaga had told 
or not, did not the notions of the needle of the gaWanonuta^ 
g, reveal the currents put in circuit The galvanDmetei alM 
shews the presence of eartl-currenlfl on the line. If k wot 
left to itaeK, and jf depressed, the etation S, would then be im 
lending and S the receiving station, and the conneclioni 
-would be exactly as shewn in t!ie figure, only at oppoDtt 
stations. 

Suppose the clerk at S wiRhes to telegraph to S|, he 
depresses tlie key k several times, so as to send a series ot 
dots and dashes giving the name of the station. The atten- 
tion of S, is first arrested by the clicking of the armature of 
the Morse. He thereupon turns the switch S (fig. 131), and 
seta fhe clock-work in motion, and sends back to S that be is 
ready, and the printing thereupon begins. When both keys 
are depressed, the whole circuit is broken, so that when both 
sender and receiver have their hands on their respective keys 
no message can be sent One might fancy that confusion 
would arise irom cross messages, but clerks soon get over this 
inconvenience, and communicate back and forward with 
perfect facility. There is a code of working signals to indicate 
the kind of message, 'repeat,' 'understand,' &o, besides 
numerous recognised contractions. To arrest the attention of 
attendants, the current is sometimes mode to ring an alarum 
belL 

149. The LiTie.— Telegraphic stations must be united by one 
insulated wire, either carried over land or under the sea. 
The insidation of land-lines is insured by attaching the wires 
to insuJatora fixed on poEte aomft iO leehH%\i. The posts are 

red at dietancea corres:pond\o^tQft\6iiM\a\«^ sA-wo^afiue^ 
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tve to carry. A distance of 80 yards is the ordinary distance 
»r posts sustaining several wires, and 150 yards for those 
nly supporting one. Insulators are of all shapes. Porcelain, 
hough a better conductor than glass, is not so apt to attract 
uoisture, and is the substance generally employed for them. 
The insulator known as Andrew's Insulator, 
and used by the United Kingdom Company, 
which is shewn in section (^g. 134), is said 
to be yery effectuaL A bolt of iron, I, fixed 
to the cross-beam, Wy of the telegraphic pole, 
is cemented into the ebonite cup or bell ee, ^i 
which in turn is cemented into the porcelain 
bell pp. The porcelain bell acts as an 
umbrella to keep the wood to which it is 
fixed dry and insulating; that Mling, the Fig!^34. 

inside of the two cups is likely to remain 
dry and maintain insulation. "Die line-wire is kept fixed by 
binding wire into the groove a. The electricity has thus to 
travel over the outside and inside of both cups before it reaches 
the iron bolt, which is also coated with ebonite. Such insulators 
as the one described cannot be used in railway tunnels, as 
they get coated over inside and out with engine smoke, which, 
being conducting, quite impairs their efficiency. The leakage 
in a long line, notwithstanding the best insulation, is consider- 
able. The loss at each post is insignificant, but when 
hnndreds or thousands are taken into account it becomes 
decided, so that merely a fraction of the total current that sets 
out reaches the earth at the distant station. In rainy, and 
more especially in misty weather, the insulation suffers much. 
The wire most employed for land lines is No. 8 galvanised 
iron wire. The Electric Telegraph Company are beginning to 
use No. 4 wire on some of their long trunk lines. 

150. A Svhmarme Line is made by a cable. The core of the 
cable consists of one wire, or a strand of several wires of 
copper, as pure as can be got in the market. One solid wire is 
preferable to a strand of the same diameter in point of con- 
ducting power ; but a strand is surer ; for when one wire is 
broken at any point, the others still remain to conduct the 
current; there is no ^breach of continuity? "WastL ^^^ virc^*^ 

P 



solid wire gets broken, which cot imfrequently occurs with- |L 
out beiiig \-igible outside, the cable becomes iiselesa, Tbt d 
Htrand of wire ia generally laid up in Chatterton's am^ J 
pound, conBieting of gutta-percha and resinous Bubetanm, g 
The interatiues between the wires are thus filled up, sod J 
thia makes the cable solid throughout It not nnfreq^nestlf 3 
happens, when tbie precaution is not taken, that water, nsdcf M 
the great pressure of ocean depths, becomes injected icb 
them. The strand thus laid up, is now included in one a 
more ooatjugs of gutta-percba, which acta na the insnlBli:^ 
protection for the wire. Cfaatterton's compound b geneiaDf 
put between the lajen of gutta-percha. The wholi ii 
finally included in a sheatbing of iron, wire, laid on sjnnllfi 
to give the cable sufGcient strength to withstand the strain iS 
paying out, or thnt to which it nmy be subjected by the 
inequalities of the ocean bed. Between the iron sheatbingrad 
the gutta-percha, a layer of tarred yarn is put, which acts U ! 
padding between the two, and improves the insulation of tin 
cable. Not nnfrequently flu 
iron wire of the sheathing ia 
also protected from cornwion 
by tarred hemp. Pig. 135 (till! 
size) shews the conatmction of 
the Malta and Alexandria cable. 
The different layers are s 
peeled off to shew the con- ■ 
straction. C is a strand of 
seven copper wires, laid in 
Chattertoii's compound ; G, three layers of gutta-percha, with. 
Ohatterton'a compound between each ; H, tarred yam ; and I, 
the eighteen wires constituting the sheatbing. The diameter- 
out in the sea is O'BB of an inch. Near the shore, the sheatli- 
ing is made much stronger, to meet the danger of accident 
from the dragging of anchors, currents, &c For the sama 
reason, cables for shallow water are made tliiuk and strong. 

Considerable dispute baa arisen as to the best materi^ for 

insulating marine cables. India-rubber and gutta-percha are ' 

the two rival substances. It may \« aavi va ia^oic of gutta- 

percha that not one yard ot it,-w\ie\v\a:vi,"\iaa ifeCK^sa.iasSw' 
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nBt under ocean preaBures, as proved by the lost Atlantic 
allies, its inaulating power decidedly imptoveB, In favour of 
reU TiuLSticated india-rubber, it ia urged that cables, alike in 
>ther respects, will, when coated with it instead of gutta- 
percha, be capable of sending twice the number of words per 
Bimnte, the specific inductive capacity being so much greater ■ 
far the latter than for the former substance. On the other 
liaud, india-rubber is not bo trustworthy in point of durability, 
Bome specimens of it haying become treacly after immersion 
for some time in the sea. 

151. The Earth. — Two wires are not neceesary to connect 
two telegraphic stations, as might be supposed. One wire is 
quite Bufficicut, provided its terminations be formed by lai^e 
pistea sunk in the ground, or Bomething equivalent. The 
pistes are generally of copper, and should not offer a surface 
lea than twenty sqaavo feet, and they must be buried so deep 
tbit the earth about them never gets dry. The gas and water 
pipes in a town make an eieellent 'earth' (earth connection). 
The great object in an ' earth ' is to put the whole ground in 
the neighbourhood in connection with the battery pole or line 
wire, and much the same precautions must be taken in making 
an earth for a telegraph as for a lightning-conductor (55), If 
the earth is not good, the current, instead of taking the gronnd 
u a passage to the distimt station, runs into other wirea con- 
nected with the plate and leading to where the ' earth ' is good. 
When the 'earths' are good, the current passes through the 
earth between the two stations, no matter what be the nature 
of the coimtry it has to pass, plain or mountain, sea or land. 
The earth resistance to the current, compared with that of a 
long line, is next to nothing. The earth not only serves the 
pmpoae of a second wire, but of one so thick that its resistance 
may be left out of account, and thus halves the resistance of 
the whole circuit. It is a question whether the current 
SBtnally travels between the two stations, or whether an equal 
amount of opposite electricity becomes simultaneously lost at 
each. This question cannot be decided, as the electrit: condi- 
tionH in either case ate identical. In conducting power for 
equal dimeaeion^ the earth stands much mEerioi to the wire, 
bat then ita thickness, bo to speak, ia icdefiniteVj ^«3.\«.Tj«wi. 




hence its WL|Miii]V ooiidiiBtiiig' powv on As 'wiuifak. 
* earUi' lorvM ibr aO. flis disanti of a tri^ipifiv 
15S. iggftif. C«i iiiif r^ifcmiiwi Hnftwiiiiwwi 
line-win at a diiiiiU italiim ii *eat* (iiilrtiBl as 
with the ginimd), and ii placed in eaanfldua wift 
poles of & batteiyy liie odiec pole of whicib. ia to 
m^ftfmt. fn which liie w^ww^w ^iffli ia mmfit e cmxenk 
thewize^aiid if the tiwiTatinn of liie line be psfre^ 
inataadjeeaaea. The needle of the galvaiiaDBefearmafcBii 

one tnin. of & comnrntatog^ the batteiy tanneetiaa he 
and the line he pot to earth, the needle dpflerta 
in the oppoaite wi^, and the chazge given, to tiie wize 
and goea to earth. Thia flowing hack again, of the 
called the n<iin» ONToil In land-Iinea the leCom cobsA ■ 3 
rerj alig^ in. aabmarme cahka it ia Ttxy marhwl Ha 
Tetazn eonent ahewa that & t flwgra|)iii e line magr he dkagal 
ataticaBy,jqat like the inaolatedhal^cyiinden^frr.^ilh^ 
frictional electricity. Aline of tahgraphnMjhekwkedif 
as a Lejden jar, the wire aa the inner coating the air or gotla- 
percha aa the g^bai or dielectric^ and the eaxtii or see aa tiia 
outer coating. A coQ of aabmarine eaUe^ inuneiaed in a 
trough of water when the core is inffnlatfd, may he changed 
and discharged exactly aa a Leyden jar, the water being the 
outer coating. The letum current is most marked in. long 
lines. In snch it is not necessary to 'cut' the wire, the 
great resistance of the long wire being equivalent to partial 
insulation ; the return current being howeyer, much smaller 
in extent. 

The statical charge, of which a line of tel^raph is thus 
capable, shews that the electric force not only tends to propa- 
gate itself longitudinally, but laterally (34, 63). The effect of 
lateral induction is to retard the time of deliyery of a signal, 
and to prolong it, so that although it is a momentary signal at 
starting, it becomes a prolonged signal at its destination. 
Wlieatstone's calculation (50) gives a velocity of 288^000 miles 
per second for electric discharge. If si^uds were propa- 
f^^ated at this rate, the time e\BLi^siai%\»V.^^Ti.^^«saflM^^ and 
delivering of a current, eYen ou aAin.^ «iX«aain% wist ^ia,>^ 
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i circmnfeience of the globe, would be inappreciable. But 
aerial lines of land tel^psphs, even only a few hundred miles 
. length, theie is evidence that electricity does not prox>agate 
self at anything like that speed, and in submarine cables the 
elocity scarcely reaches thousands of miles per second. The 
dere slowing of the message would hot matter so much, 
noTided the signalfl, when they reached their destination, 
ireie told out as they were sent But they are not Each 
edgnal at the receiving station takes a longer time to leave the 
line than it did to enter it Hence, in a very long land-line, 
<ff in a cable, if the sender transmitted at the same rate as he 
does in short circuits, the signals would run into each other at 
tiie receiving station, and be undistinguishable. Time must 
he given to aUow each signal to ooze out of the cable before 
another is sent The effects of lateral induction on the 
transmission of tel^raphic currents constitute what is termed 
inductwe emharrassm^nt. 

According to Sir William Thomson, the maximum speed 
attainable on an aerial land-line of 2000 nautical miles Id 
length, and consisting of an iron wire one-fourth of an inch 
in diameter, would be 20 words per minute. The same 
authority has established that the retardation increases with 
the square of the length of the line. Accordingly, on a line 
1000 miles in length, the number of words would be 80 ; on 
one 500 miles, 320 ; and so on. Direct lines are not worked 
for distances greater than 1000 miles, and very seldom even 
for the half of that distance. The maximum speed of tele- 
graphing on short circuits has been 50 words ; so that on a line 
1000 miles in length and one-fourth of an inch thick, there 
is still a wide margin before the lateral induction would inter- 
fere. Most land-lines, however, are not more than one-eighth 
of an inch thick, and in them the embarrassment would be 
felt nearly four times as much as in the line just mentioned. 
On a line 1000 miles in extent of No. 8 wire, it would be 
advisable to break the circuit half way, and resend at the 
mid-station by translation. The whole would thus be worked 
IS two circuits of 500 miles, and the speed of signalling could 
ye four times increased. The maximum speed of signal- 
ing tbrongb the 2000 miles of the Atlantic teYe^^V ^IX'^^'^ 
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ti two and a half words a minute. The copper core had ^ 
condnctuig power somewhat higher than a No, 4 iron wiitM 
According to the law of eqnares, if the calile had been lODO 
miles, the rate of Eignalling might have beeii increased lo 10 
-words ; if 500 miles, 40 words ; and bo on. If the ratio of ills' 
thickness of the core to that of the insnlating coating be kept 
the same, the niuuber of words that can. be sent varies U 
the amount of mateiial employed, or as the square of &b 
diameter of the cable. Thus, if a cable be of the same make 
and of equal length as another, but twice na thick, foui timn 
aa manj notds may be sent by it. The thickeiiiiig of the con 
alone is not all gain in the way of lessening embanasaiieD^ 
for while the conducting power of the core inoreaaas witl il* 
section, the lateral induction increases with its drcomferaice. 
Numerous explanations have been ^ven of indnetiTii 
emharraasment We may suppose the charge at startiBg to 
have two inductive channels to reach the ground, one thioi^ 
the core to the further end of the cable, and tho other thnwgfa 
the gutta-percha. Electricity, when it has two channels, uti 
through each in the proportion of the facilily offered it (34, 
63). If tlie gntta-percha were thick and the core short, tjio ' 
lacility offered by the latter would be indefinitely gresUf 
than that offered by the former. There would be then 
no lateral induction, for the electricity would keep to tie 
core. But when, as in long cables, it has some huudieds of 
nulea of core and a quarter of an inch of gntta-percha to woit 
through, the rival channels stand more nearly on a par. 
At each point the part of the electricity sent into the cable 
acta inductively through the gutta-percha, and the rest acta in 
the line of the core. Tliis last is subject to this diversion as 
it moves along ; hence, if the cable he long, the whole is far 
the instant absorbed in charging the coble statically, and 
possibly only a part at a time. Such being the case, the 
further progress of discharge is effected not immediately by 
^^ lie force of the transmitting battery, but by the polarity 
^^L induced by it in the particles of the dielectric gutta-percha. Ilia 
^^^ effect is somewhat tho earns as would be experienced in Eend- 
^^Ebg a charge o£ water ttaoMg^ a -^v^ Ki^ ^th the same, 
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long and luurow, and tte friction of the water ognJiiBt tlie Bides 
conBequentl; great, on the chaige being injected, tlie pipe on tlie 
Bending side yields, and the further tran.imit^aion uf the charge 
ia effected hj the eloatic force of the eidea. The charge 
tra.Tela as a wave to the other end, and its deliTery is thereby 
retarded and modiRed. This temporary yielding resembles 
the inductive diversion of the charge to the gutta-percha. 

In a«rial lines the lateral channel, the air, which is some 
twenty feet thick between the wire and the ground, offers 
much less facility for inductive action than in gutta-pereha 
cables. The lateral induction is consequently very much less. 
In insulated subterraneiin lines it is nearly ilb much as in 
submaiine cables. They are consequently never used eicept 
for short distances, where they are unavoidable. 

There is as yet no way of obviating lateral induction in 
tel^raphic cables, except a thick core and a thick layer of 
tting materiaL This is tantamount to saying there is no 
at all 1 for in very long lines, where it is most felt, a 
cable cannot, from mechanical dilhculties, be laid. 
I several ways, however, of diminishing iL A material, 
tm india-rubber, whose specific inductive capacity is low, 
the evil considerably. The tarred hemp used in cables 
the lateral induction. Some have su^ested the 
irof a double wire in the cable, the second wire supplying 
lace of the earth. This has, however, been found to 
«ggravat« instead of lessen the evil. The use of electricity of 
high tension, such as that of induction coile, has also been 
tned. That such passes with greater despatch may be open 
to doubt, and that it is dangeroos in causing the chaige to 
puncture tlie gutta-percha, and thereby destroy the cable, is 
highly probable. A transmitting key is used in working llie 
Atlantic cable, which has a double action. It first places the cable 
in connection with one of the poles of the battery, and then 
with the ground. The first connection charges the cable, the 
second allows discharge to take place at both ends of it. Sue 
also Appendix, 'Atlantic Telegraph.' 

The insulation of submarine cables ia almost perfect, so 
tliat inductive embarrassment must not be confounded with 
leakage. The gutta-percha, ttou'j^i b. c.iiTA-QS.V« «iiniit 
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exceasiTe); slowlj, leada awaj, in the Lime that o 
]a*ta, next to nothing of the cliar^. Ita action is i 
not conducttTB (30, 33). 

153. Earth Cmrend. — These are very anwelcome TiatonB 
tnlegcaphic offices. They get into the circuit no 
how. Tbey flow sometimes in one direction, sometimei ■ 
another, change lapidly, nod are frequently bo atrong hI 
tender the line for the time quite useless. Thej bi 
be fonned as often in the wire as in the earth, 
oeciu umultaneouslj with magnetic atonna (90). The fUL 
magnetic storm that raged ou August 2, 1865, at the b 
time that the Atlantic cable ceased to act, was & 
by earth currents ho strong that the astronomer-royal CO 
aidered it impossible, oven if the cable had been perfect, tt 
hsTe signalled through it. The only remedy for i 
currents is to do away with llie earth circuit, and pnt ti 
wires to the some place in one circuit Although the ei 
current runs equally strong in both, the two wires I " 
to opposite ends of the instruments at the stations, and it 
effect is thereby neutraliBed. This, of course, can only b»l 
done where two wires exist. Little or nothing ia as yet knows 
of the laws r^ulating such currents. 

154 Bslay (Ger. Ueberlragtr). — Hitherto we have supposed' 
that the recording instnunent of Morse ia worked directly ]yj 
the line current This is only done on short circuits, generally' 
less than 50 miles. On long circuits, direct working could only 
be accomplished by on enormous sending battery. The loss by 
leakage on the way is very considerable, so that a ciment 
strong at starting loses greatly before it reaches the station 
intended ; besides, tbe leakage becomes all the greater tba 
greater tie number of cells employed, or the greater the tenaioa- 
o£ the battery. It ia found a much better arrangement to get. 
the ' Morse ' worked by a local current^ which may be madfli 
as strong as requisite without any loss, and to include a veiy 
delicate instrument in tho line circuity which has only to 
make or break the local circuit Such an instrument is' 
called a relay, the principle of the action of which is shewn in 
Sg. 136. Instead ol tte eAeiAio-mB^et. oC the register being 
in the lino circuit, Ibe E\EiATa-niaigiuA, '^, eS. ■;&& tfi^Mi'ia 
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Fig. 136. 



uded. The coil is long, and of thin wire, and a very faint 
nt is sufficient to develop magnetism in the core. The 

current passes 
ugh the coils of 
just as it is repre- 
ted doing through 
i of the Morse in 
131. The aimature 
the relay, A, is 
i^vcttached to a lever, 
, moving round the 
a. * When a cur- 
rent is sent through the 
tioil, the lever is drawn 
^wn, and the end «' 
lests on the screw S. 

"When there is no current, the elasticity of the spring s brings 
it back against the screw S'. The spring, s, is so adjusted that 
the play of ee^ may be made as easy or stiff as the strength of 
the line current requires. The pillars N and P are connected 
with the poles of the local battery. The metal spring s places 
the lever ee' in conducting connection with P. The poles of the 
battery may therefore be taken to be the screw S, and the end e' 
of the lever. When these are in contact, the local current 
flows, and it stops when e' is brought back against the insu- 
lated screw S'. The Morse is included in the local circuit. 
When a current comes from the sending station, the armature, 
A, is attracted, ef falls on S, the local circuit is closed, and 
the Morse begins to print. When the current ceases, e' falls 
on S', and the style of the Morse is withdrawn from the 
paper. The effect is thus the same as if the line current 
printed, and not the local current. By this means, a current 
that would have no effect on the Morse, can complete the 
local circuit, and print most legibly. 

155. How several Stations are connected in one Circuit. — 
This is effected in three ways— by an open circuit (Ger. Arbeits- 
ttrom), by a closed circuit (Ger. Ruhestrom), and by translation. 
In all of these, each station may telegraph simultaneously to 
i^ the stations in the circuit, and if the meaaag^ ^av^RfeToa* WjkjwsjL 
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all, a record may be printed at each station. When a station 
wishes to telegraph to another, it keeps Rignalling the name 
till the station in question signals back that he is ready. The 
others, finding that the message does not concern them, leave 
the two concerned in possession of the circidt 

The arrangement of an intermediate station in an open 
circuit is shewn in fig. 137. L^ and Lj are the wires horn 

the terminal stations ; B is the 

— b« J:^ — relay ; the rest mean the same 

\ /cf as in fig. 133. The station is 

\ >!* (^ Jgi represented as receiving. The 

.. n^.^.-.TT^...- line current passes through the 

^-^^^^T^y^ key, the relay R, and goes on to 

■■^j ^_' ^ "^^ relay sets the local 

'^''^^BBt^MISpBiSy battery and the roister in 

Fig, 187. operation. The line current is 

brought into the station, and led 
out without being affected. Electrically, it is the same as if 
it had gone on in the air direct &om L^ to Lf When the 
station sends, the key is depressed. The current goes from C 
into the line L^, is earthed at the one terminal station, leaves 
the earth at the other, and returns to Z by Lg. The batteiy 
here has no * earth,* as at the terminal stations, the arrange- 
ment of which is as in fig. 133. An * earth,* however, is 
generally put at each station, so that it may be worked as a 
terminal station if required. R at sending is out of circuit. 
According to this plan, every station must have a battery as 
strong as the terminal stations. In the closed circuit, no 
battery is needed at the intermediate station. If the batteiy 
and its connections be removed, fig. 137 gives the arrangement 
in a closed circuit. The battery may be placed only at one 
terminal station, or it may be divided into two, and a half put 
at each end — ^both, however, being joined up to act with, not 
against each other. The circuit is closed when no one operates, 
so that a current constantly flows. The keys breaking the 
connections stop it for the time. The relays act negatively, 
making the Morse print when there is no line current, and be 
at rest when it flows. K S' in the relay (fig. 136) were nnin- 
suJated, and S insulaled , i\. Tjoxil^^ ^^\. \x^ ^ datiad circuit. The 
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advantage of the dosed drcuit is, that the batteries which 

Teqoixe consideiable attention are coofined to the terminal 

stations, where they can be best cared for. Besides, little or no 

ad^nstment is needed for the relays. In the closed circuit, all 

the relays are in circuit at once. Open and closed circuits are 

lued in lines where a number of smaller towns are joined 

together, the business of all of them being no more than 

sc^dent to keep the line working. They are for short 

distances, seldom more than 200 or 300 miles. 

When two stations, say 500 miles apart, are to be connected 
V telegraph, it is seldom done by a direct line, it being 
found more efficient to transmit.to a half-way station, and thence 
to letiansmit to the end one. The retransmission is effected 
not by manipulative skill, but by mechanical contrivance, 
80 that, while the half-way station may read the message sent, 
no time is lost in the transmission, and the two end stations 
and the intermediate station communicate with each other as 
leadily as if they were in an open or closed circuit. This 
mechanical retransmission is called translation. It is effected 
by niAlnTig the lever of the register act as a relay ia trans- 
mitting a message to the next station. The system, to be fully 
explained, would require more detail than we can here 
give to it "We shall .only shew how translation can be effected, 
leaving out of account how 
all the stations can communi- 
cate as in one circuit We 
also suppose, for the sake of 
simplicity, that no relay is 
needed, and that we are deal- 
iog with a direct working 
roister. The current, Cj (fig. 
138), from the sending station 
enters the coil of the register 
M, and goes thence to earth 
P, and returns as shewn by arrow Cj. The register may 
record or not, according to the message, but its doing so 
or not in no way interferes with translation. The copper 
pole, C, of the battery is connected with the lever W of 
the register, and the zinc«pole is to earth. When the lever 




Fig. 138. 
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is drawn down by the current, Cj, it strikes against tbe ptrint 
at the top of the pillar p, that checks it« motioii. The piUiir 
p ie joined to line ILj, rnnning to tha further station, and 
when the level falls, a second circuit—namety, that of the 
batteiy — ia closed, in which C, the lever, the pillar, Lj, tbe 
farther Btation, tlie earth, P, aud Z are all included. Thiu, u 
W prints at the intermediate statiun, it at the same time sendu 
a new printing current to the next. When it ceases to print, 
80 doea the rrgiater at the distant station. It is in this mj 
that parliamentary news is transmitted simultaneously to sU 
tlie important towns lying between London and Aberdeen. 
At the shore ends of submarine cables there la always s 
ttaikslatjng apparatus. This allows the cable to be worked by 
a. battery suited to it, 
without loss of tims in 
making it a special 

156. Cooke aid 

IVheatsto-M's N«tdU 
TsifsrapA.— This con- 
sists of an nprigbC 
galranometer (88), witli 
the astatic needlea 
loaded at the lower 
end to keep them, when 
not acted on, in a Terti- 
cal position. A fnjnt 
view of the an^ 
needle instrumeat U 
given In fig, 139, and ( 
back or interior view 
in fig. 140. One needle 
movea within the wil 
00, and the other at 
t;t. iji;, the face of the dial B 

is the dial needle which 
as the indicator. The alphabetical code is made np by 
COmbinationB of tbe right and left deflecllona of the 
corresponds to tbe ^otae toia oi Ev^oaia 'vV' 
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1 being taken for a daeb, uid a left-hand deflection 
k dot Thus, A is mode by one left and one riglit ; B, hy 
h^ht, three left ; C, bj a right, a left, a right, and a left ; 
u. The instniment is bo arranged that when the 
f, stands erect, the whole is in the receiving state. 
I. the handle turns to the right or left, the instrument 
I, and the needle deflects accordingly to the right or left 
ending and receiving stations. In place of the 
. B couple of kejB are often employed. When the 
s depressed, a left deflection is given, and when 
Blight one ia depressed, a right deflection is got The 
fig. 140) 
r connections: 
line wire ; E, 
h wire ; 0, the 
' pole of the 
J battery; and 
Z, the liinc pole. It 
is represented in the 
receiving position. 
The corrent takes the 
course L, a, the coil 
T, the spring cd, the 
metal points in the 
pinp, the metal spring 
ef, thence by g to 
earth. The handle 
in front works the 
cylinder PIN, which 
toma on the axis n. 
It is divided into 
three parts : those 
marked P and N are 
covered with copper, 
and are insulated 
from each other by the intermediate part, I, which is of ivory. 
By the spring st, which presses J^ainst it, P becomes the + 
pole of the battery, and by the spring mi, through the axis m, 
N becomes the — pole. A metal tooth, k, is fixed to P, and 
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another, h, to N. These stand vertical, and are out of drcoit 
when the instminent is in the receiving position. Whea a 
zinc (reverse, or negative) current is put to line, the handle, H, 
is BO turned that h presses against the spring <2c, and remoyes 
it from the point at d, thus breaking the receiving circuit At 
the same time that h presses on dc, k presses on or. The 
reverse current takes the following course : Z, t, n, N, h, e, coil, 
a, L, distant station, earth, E, g, r, o, k, P, s, t, GL When the 
handle is turned the opposite way, h presses against ef, and 
k against another spring similar to or, on the other side of P, 
which is not shewn in the figure, and which is connected with 
the strip of metal c, and thereby with 00, and the copper (or 
positive) current is put to line. The cylinder FN acts as a 
commutator, sending a copper or zinc current^ according to 
the side towards which it is turned. Sometimes two needles 
are placed in the same box, each having a separate line- 
wire to work it The telegraphing can be much more 
expeditiously done with two needles than with one, as two 
deflections can be made at once, one on each instrument The 
rate of signcdling with a double needle is rather above what 
can be done by a Morse. Seeing that two wires are necessary 
for a double needle instrument, and that only one is necessary 
for a Morse, it is a much more expensive instrument Single 
needle lines are much used for working railways, and for 
circuits with little traffic, but not for main tel^raphic lines. 
The needle instrument is delicate enough to be worked direct 
without a relay. The dial of these instruments is movable, so 
that when earth currents deflect the needle to a position from 
the vertical, it is turned so as to keep the stopping pins equally 
distant from the needle. When several stations are joined on 
the needle system, the open circuit arrangement is employed. 
157. Chronology of the Electric Telegraph. — Ampere suggested 
as early as the year 1820 the employment of a galvanometer, 
lines of wire, and a battery as a means of telegraphing. The 
first occasion on which this suggestion was carried out and put 
to practical use was in the year 1833, when Gauss and Weber 
at Gottingen, with a view to aid their magnetic observations^ 
united the Observatory and Physical Cabinet, distant about 
a mile, by two wiiea ausi^en^ei^ yei «ct. T\ia indicator was a 
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reflectiiig galvanometer, an instrament similar to that shewn in 
fig. 20, with the suspended magnet in the centre of a coil of 
wiie forming part of the circuit. Their alphabet was made up 
of combinations of right and left deflections. This apparatus, 
the first ever employed for practical telegraphy, has lately, in 
the hands of Sir William Thomson, become Ihe most sensitive 
of all telegraphic instruments. His reflecting galvanometer is 
the only instrument at present by which a cable, 2000 miles 
in length, may be worked with low tension (2 or 3 Daniell's 
ceUs). It consists of a magnetic needle, not more than a grain 
in weight, suspended by a thread without torsion within a 
sensitive galvanometer coiL • A tiny mirror is attached to the 
magnet, by which abeam of light directed against it is reflected 
upon a scale at some distance. When no current passes, the 
reflected ray lights up the zero-point of the scale. When a 
corrent is sent, it travels to the right or left according 
to the message. If earth currents turn the reflected ray 
away from the zero-point, it is easily brought back by 
shifting the strong magnet placed outside the coil, in- 
tended to make the needle quickly settle. Gauss and 
Weber^s telegraph was merely looked on as a scien- 
tific curiosity. It was not tUl the year 1837 that the electric 
telegraph promised to become a matter of general and practical 
importance. In that year three systems of telegraphy of inde- 
pendent origin were tried, and so nearly at the same time, 
that aU. three lay claim to priority. In June of that year, 
Cooke and Wheatstone patented a five-needle telegraph, and 
the patent was put in action on the Great Western Bail- 
way soon afterwards. These inventors have undoubtedly the 
credit of being the first to construct a line of telegraph for 
general purposes. Their lines consisted of underground insul- 
ated wires. Cooke derived his first ideas from a lecture he 
heard at Heidelberg given by Professor Munke, in which Baron 
von Schilling's horizontal needle telegraph was described, 
said to have been constructed as early as 1832 or 1833. In 
July of 1837, Steinheil, at Munich, stretched telegraphic 
wires over the houses of the town from the Physical 
Cabinet of the Academy to the Obaervatory of Bogenhausen, 
about three miles off. He telegra^\i^^ m ^Coaftfc ^^"^^^ \s^ 
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the deflecUons of a. needle, by the Bounding of two bcIU 
of diffeienl tonea, and by printing & atrip of paper. 
October of 1S37, Professor Morse exMbited his sjetem 
line of half a nule in extent. Morse's iystem is at present 
more used than any other. Steiaheil's printing 
also ext«naively employed, more especially on the continent. 
Steinheil's sj^tem of printing is different from. Morse's ; + 
and — currents print each a different mark. In Mors^^ 
system either current prints indifferently. Steinheil's alphabet 
con^sts of dots to the right and left of the strip of paper. 
It IB thought that the tel^raphing by right and left dots 
can be done more quickly than data and doslies in a line. In 
1838, Steinheil discovered the efBcacy of the earth circoit and 
the need of only one wire. To Steinheil is also due the meat 
of being the fiist to stretch wires in air on insulating anpports, 
and to shew the applicability of magneto-electricity to tele- 
grapiiic purposes. Cooke and Wheatstone patented the first 
atep by step telegraph in 1840. This invention was worked 
by voltaic or nu^eto electricity. In IS46, Bain patented hi« 
electro-chemical telegraph. In this instrument a piece of 
paper, moistened with an acidulated solution of ferrocyanide 
of potassium, is laid on a revolving plate of metal nndei K 
Bteel point pressing gently on it. As the current pasKi 
throngh the paper from the point to the plate it marks it 
.with blue dots or dashes, as in Morse's BjBtem, So relay is 
needed. This system, to all appearance one of the most 
simple and delicate, has never come into penuanent nee. 
Morse's telegraph did not come into practical use till 1844, 
when it was used on the first American line between "Wash- 
ington and Baltimore. The first snccessful submarine cable 
was laid between Dover and Calais in 1851. Faraday fint 
announced the effects of lateral indnction in 1854. The 
telegraph was completed by the Persian Gulf to India in 1866. 
Four attempts have been made to establish telegraphic com- 
munication with America ; the first in 1867, the second in 
1858, the third in 1865, and the fourth in 1866. In the fiwt 
and third, the cable snapped ; and in the second, it was lud, 
but became useless in a few weeks. On the 27th of July 
m,i866, Europe was tele graphically joined to America by a cable 
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saccessfnlly laid between Yalentia, on the coast of Ireland, and 

Newfoundland The cable of 1865 was picked np, spliced, and 

eompleted, September 1 — 8, 1866. See Appendix. Telegraphs 

pimling in Boman type have been tried, and are now gaining 

ground. Hughes's and Dojardin's are of this kind. Their 

action ia at present not much superior to a simple Morse. 



The Telephone. 

158. This is an instrument for tel^raphing notes of the 
aame pitch. Any noise producing a single vibration of the 
air, when repeated r^nlarly a certain number of times in the 
second (not less than thirty-two), produces, as is well known, 
a musical sound. In art 115 we found that when a rod 
of iron was placed in a coil of insulated wire, and magnetised 
by a current being sent through the coil, it gave out a distinct 
tick when it was demagnetised by the stoppage of the current. 
A person when singing any note causes the air to vibrate so 
ffiany times per second, the number varying with the pitch of 
tke note he sings, the higher the note the greater being the 
innnber of vibrations. If we then, by any means, can get 
these vibrations to break a close circuit in which the coil just 
mentioned is included, the note sung at one station can be 
reproduced, at least so far as pitch is concerned, at another. 
Bds's Telephone (invented 1861) accomplishes this in the 
following way. AA (fig. 141) is a hollow wooden box, with two 
round holes in it, one on the top, the other in front. The hole 
at the top is closed by a piece of bladder, S, tightly stretched 
on a circular frame ; a mouth-piece, M, is attached to the 
fix)nt opening. When a person sings in at the mouth-piece, 
the whole force of his voice is concentrated on the tight 
membrane, which in consequence vibrates with the voice. 
A thin strip of platinum is glued to the membrane, and con- 
nected with the binding screw a, in which a wire from 
the battery, B, is fixed. A tripod, efg, rests on the skin. 
The feet e and / lie in metal cups on the circular frame over 
which the skin is stretched. One of them, /, rests in a cup 
containing mercury, and is connected with the binding screw 6. 
The tbiid foot, g, consisting of a plalmum ^\xk^)\i&^ rrs^ '^^^^ 
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j:i>cul«T end ot the strip of pUtimun just mentioned. This 

re being placed on the centre of the oscillating membrane, 
lilce a hoppei, and hops up and duwu n-ith it It is tax; 




to nndecatond how, for every vibration of the membrane, 
the hopper will be thrown up for the inatoct from connection 
with ita support, and how the close circnit is thua broken at 
every vibration. The leceiying apparatus, R, consists of a coil 
of wire placed in circuit, enclosing an iron wire, both being 
filed on a sounding box. The connections of the varioua parts 
of the circuit are eiaily learned from the figure. Suppose a 
person to sing a note at the mouth-piece which produces 300 
vibtationa a second, the circuit is broken at the bladder 300 
times, and the iron wire ticking at this rata gives out a 
note of the same pitch. The note ia weak, and in quality 
I'esembles the sound of a toy trumpet. Dr Wright uses a 
receiving apparatus of the following kind. Tlie line current 
is made to pass through the primaiy coi! of a small in- 
duction coil. In the secondary circuit lie places two sheets 
of paper, silvered on one side, back to back, so as t« act as a 
condenser. Each current that comes from the sending 
apparatus produces a current in the secondary circuit, which 
charges and discharges the condenser, each discharge bdng 
accompanied by a soimd like the sbatp tap of a small 
hammer. The musical notes are rendered by these electric 
discliargCB, and are loud enough to be heard in a large hall. 
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Wilde's Magneto-Sleotrio Machine. 

Mb H. Wilde of MancheatBr liaslately patented a magnetdS 
electric maehme, which, with a sufficient expenditure of 
mechaniciiJ energy, can be mode to fomish. anj amount of 
current electricity. It accompliBtea this with a. simplicity 
Bad economy hitherto unequaUed, and it promises thereby to 
extend immeneely the practical importance of electric Bcience. 
The machine is founded on a new and somewhat paradoxi- 
cal principle — riz, that a current or a mag-net indefinitely weak 
eojt be made to induce a current or a magnet of indefinite 
ttrength. A general description will beat shew how thia ia 
proved and applied. 

Fig. 142 shews a front elevation of a 7-inch machine, con- 
Btmcted for the CommieBionera of Northern Light-houses. It 
conoBts of two separate machines — a purely magneto-electric 
machine, and a machine which is both electTO-magnetio and 
miwiieto-electdc. Both machines are in the main very similar, 
and in many reBpects identical, the only difference being in 
Bize and power. The smaller machine, MM', which ia purely 
magneto-electric, is seen anrmornitlng the other. The norse- 
ehoe permanent magnet, MM', is the foremost of a series of six- 
teen similar magnets, placed the one behind the other in a. 
hoTUontal TOK-. Each treigha 3 lbs., sini Haa\Aana a. 
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bolt^exlaiiiiiig the whole vrav, SJ inches ia diaiaet«r. The 
■Una' ncle soiuoee of the ma^eu below ate acctustelj fitted 
*o the upright phme sides of the magnet-cylinder, and are 
Gmlf £eciiT«d to it By this means the cast-iron pottiouB of 
the m^net-cjlinder, I'i, form the polai terminatioiia of the 
iQagiiebc batleiy, the bnss bars, 66, between them, bieaUiig 
the magnetic continQitj. 

A eyundrical armature, aa, of cast-iron is made to reToIre 
*it}da the magnet^jlinder. Its diamelar is Ath of an inch 
In than the diameter of the cylinder, whjdi enables it to 
•CTolTe without friction in very cloBe pronmity to the polar 
ni^ce^ The manner in which it ia centered ia, for the Gake of 
BmpUcitT, not Ehetm in the upper machine, but it is shewn 
in the lower machine, where, as is afterwards mentioned, 
ibe conitrtiction, though la^r, is perfectly eimilar. The 
fnsaework for enstaining the axis of the armature is firmly 
bolted at gg. Fig. 143 gives, as just mentioned, an enlari^ed 
mm aection ; Sg. 144 shews an enlarged side-view. Two 
ndtngolar grooves, ir2, are made on opposite sides, giving to 
it somewhat the appearance of a rail. About 50 feet of inau- 
liled copper-wire, icic, is wound lengthwise into these pooves 
in three coils (shewn in section, Gg. 143). The coil thus 
formed ia shut in by wooden packing, W. In flg, 144 this 
packii^ ia removed irom the two ends to shew the longi- 
tndinal winding of the coiL To prevent the wires from being 
driven ont W the centrifugal force generated in the rapid 
rotation of ttie armature, straps of sbeet-hrass encircle the 
■CDBtnre at regular iuterviiU, and are sunk in grooves 
prepared for them in the cast-iron. Two caps of brass, iUc, are 
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tilted to the caiU of the annatuie, and to these ore attached the 
steel joiunalB or axes of rotation, ff. On the 
further uia (the back biie of Sg. 1^ tlie 



pulley, 



I, ifi fixed, round which 






les tiie 



• strap from the steam-engine which wo^ 
the machine. On the other axis (the &OQt 
axis of the figure) two rings sie put, one, n, 
p insulated &om it, and the other, n', am- 
I nected with it One end of the armatuie 
coil is in connection with the armatore, Hod 
thereby with the aiis and n', the other end, 
is ineiuated and fixed by a binding-screw 
with n — » and n' are thus the terminals of 
the coil They are made of hardened Bteel, 
and the springs, i and s', which press againtt 
them are of the same material. 

Starting &om the position shewn in fig. 14% 
the armature in one revolution induces two 
oppoeite currents in. the coil, one in the fint, 
the other in the second half-revolution (132j. 
It will be seen (fig. 144) that the separation 
between n and n' lies obliquely. In this 
w^, each spring, a or (', presses against s 
different ring at each haJf-reTolution. As » 
and n' change their electric sign, it is so 
arranged that they change the spring, torf", 
a^nst which they press. Thus s and i* 

direction, consequently the wires, o and o', 
convey the current away from the machine in 
a uniform direction. The anaature is made 
to revolve 2500 times per minute, and 5000 
ivaves or currents of electricity are trans- 
miUed to the wires, o o'. 

Thus far we have nothing essentially 

peculiar in Wiltle'a machine. The construc- 

tioa of the magnet cylinder is quite novel, 

though the position of the armature, which 

is decidedly the most advantageous, is not 

new, as it was adopted several years ago in 

Siemens and Ualske's magneto-electric 

machine. One advantage of thia position 

Big. i4(. ^gg j„ jjjg motion of the armature not 

bung resisted by the air. In the ordinary position of 

the armature (.% IW), nmck of the work applied to 

the rotation is expeniei la fee aimsluani \ftsitso'^, ^ha tir. 
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Tliere is no such loss in Siemens and Halske*8 oi AVilde's 
inachine. Another advantage is derived from the inductive 
action of the magnet "being exerted directly on the coil, toa 
Well as through me intervention of the annature. If the 
coil were made to rotate without the armature, currents would 
be induced in it of the same kind as that induced by the 
annature, though of feebler intensity, the maximum points 
of which would occur when the coil was moving through the 
line joining the poles, and the minimum points when it was 
at right angles to that position (124 — 126). Now these are 
the converse of the maxmium and minimum induction points 
of the annature (123). In the position in which the armature is 
placed in this machme, both armature and coil contribute to 
the current, the one most when the other gives least, and 
vice vend. The same advantage is not secured by the ordinary 
construction. 

We come now to describe the singular peculiarity and 
merit of Wilde's machine. The current got from the 
magneto-electric machine is not directly made use of, but is 
employed to generate an electro-magnet some hundreds of times 
more powerful than the magnetic batteiy originally employed, 
by means of which a corresponding increase of electricity 
may be obtained. This electro-magnet, EE' (fig. 142), forms 
the lower part of the figure, and by far the most oulky portion 
of the entire machine. It is of the horse-shoe form, E and E', 
forming the two limbs of it. The core of each of these, 
shewn Dy the dotted lines, is formed by a plate of rolled iron, 
36 inches in height, 26 inches in length, and 1 inch in thick- 
ness. Each is surrounded by a coil of insulated copper wire 
(No. 10) 1660 feet long, wound round lengthwise in seven 
layers. The current has thus, in passing from the insulated 
binding-screw, r, to the similar screw /, to make a circuit of 
3300 feet. Each limb of the electro-magnet is thus a flat reel 
of covered wire wrapped round a sheet of iron, the rounded 
ends alone of which are seen in the figure. The upright iron 
plates are joined above by a bridge, P, built up abo of iron- 
plate, and are fixed below the whole way along with the 
iron bars v, t? to the sides of a magnet cyHnder of precisely 
the same construction as the one already described. The 
iron framework of the electro-magnet is shewn by the dotted 
lines. The depth of the bridge is the same as the breadth of 
the bars, t/, t/, which are of the same size as the bars, v, v. 
The various surfaces of juncture in the framework are 
planed so as to insure perfect metallic contact. The upper 
and lower machine are in action precisely alike, only the 
upper magnet is a permanent magnet*, aai^L \5afc\<:y««t <3\^r. '^^sji. 
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elcctro-mognet We hftye the same magnet cylinder, I, I, the 
same annatuie, A, and spnnga^ 8S', and the same polee, ZZ'; the 
size is, howeyer. different ; the cidibra of the magnet cylinder 
ia 7 inches. The diameter of the lower annatnre gLvee tiie 
name to the machine — yiz^ a 7-inch machinft. "Fiol 143 sod 
144 are on the scale of the lower machine (fig. 148). The 
len^ of wire on the lower annatnre is 360 feet It is 
35 mches in length, and is made to rotate 1800 times a 
minute. The cross namework attached at ^ to the magnet 
cylinder, in which the front journal, /, of the aimature rotates 
(at Q), is shewn in the lower madiine (fig. 148). When 
the machine is in action, both armatures are driven nmol- 
taneously by belts from the same countershaft For the 
electric light, the currents conveyed to the spfringii^ S and 
S', need not be sent in the same direction (1401 In that 
case, the separation between n and n' is vertical ; and each 
spring presses aj^ainst only one ring during the whole 
revolution, receivmg and transmitting each revolution two 
opposite currents. OH for the journal and commutator is 
supplied from the cup C. 

The machine here described ia intended for a three-horse- 
power steam-engine, but more power might be expended on it 
A laj^er engine coidd drive the smaller armature fester, and 
thereby cause much more energy to be expended, and more 
electricity to be induced in turning the lower armature than 
with a power of three horses. The machine, when worked 
with a power of three horses, will consume carbon sticks 
three-ei^ths of an inch square, and evolve a light of sur- 
passing orilliancy. With a machine that consumes carbons 
half an inch square, a light of such intensity is got, that when 
put on a lofty building it casts shadows from the flames of 
street-lamps a quarter of a mile distant upon the neighbouring 
walls. The same light at two feet j&om tne reflector darkened 
ordinary sensitised photographic paper, as much in twenty 
seconds as the direct rays of the sun at noon on a clear day 
in March in one minute. 

Mr Wilde furnishes for the electro-magnet cylinder of many 
of his machines two armatures : one an * intensity armature/ 
similar to that just described ; the other a ' quantity arma- 
ture '—one of which may be easily substituted for the other. 
The quantity armature, instead of insulated copper-wire, is 
enveloped in folds of insulated copper-plate, or ribbon, which, 
ofliering little resistance, a current of much ^ater quantity, 
though of less tension, is given olL It is with the quantity 
armature that experiments in the heating power of the machine 
are best performed. "WiWi «^ V^mOtL o^wai^fc^ «cmature Mr 



Wilde SECceeded in melting an iion rod 15 incliea long ond £ 
icioh thick. 

Wilde's machine enable* na to convert any amount of 
toeohanical enei^ into electricity. By increasing the size 
Of the electro-magnet, or by nsing a Becond electto-magnet, 
indttced by the flrat, aa unlimited amount of energy can be 
"■' — ^ - nded, and so converted. The aiza and weight of the 
aiaa axe also small The entire machine just described ia 
t S feet in length and height, ia 20 inchea wide, and 
„15 a ton and a half Mr Wilde also contemplates making 
^KDaller machine, naefol for lectures and institutions, to 
be worked with the hand, which will form a ready and 
conTanient subslitute for the galvanic battery in- electric 
fliperiments. 

Mr Wilde attributes the power of his ma<:hine to the power 
that an electro-m^net has of ' acctunukting and retaining a 
chaige of electricity in a manner analogous to, but not iden- 
tical with, Uiat in which it is retained by the Leyden jar.' . Tha 
polar tenninala, for instance, of a very laige electro-magnet 
con be made to give a bright spark 25 seconds after all connec- 
tion with the exciting ma^e to-electric machine has bees 
broken. 

Further Modifications of the Magneto -Eleotria Machine. 
Wlieatetoue and Siemens have found that the magnetic 
luttery (MM', fig. 142) may be dispensed with, and they charge 
the electro-magnet, I^', by the current coming from the lower 
iBvolving-armature, A. If the electro-magnet, EE', be once 
char^, aa much residual magnetism is Mt as will serve for 
all tune cominc- The amount of this is insignificant, but it 
is ntdlised in the following wa^. When the armature begins 
to revolve, it does so very easily, almost aa if there were no 
niagnetism to impede it. The feeble current, however, thus 
genemted goes to strengthen the magnetism of the electro- 
magnet. The increment of magnetism thns produced acts in 
ito torn on the armatore, causing it to revolve with greater 
difficulty, and to give off, in consequence, a stronger current. 
This mutual reaction between the electro-magnet and the 
armature goes on increasing ; and if suifioient mechanical 
force be exerted to turn the armature, a current of such 
strength would be induced as would melt the wires of the 
coils, and destroy the instrument. It may be asked, how- 
ever, what practical result are we to expect of a machine 
that generates and consumes its own current., seeing that, 
— ' — ■^j juaciines of Whealatone and Sitmias, Slosi WkTiwi. 
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CoDMtxuctseni of Indoetiaii Coi]& 

7a aatUlk 120 ibtt gizjsal ccxnAniddfm. oi the mdnctioii 
'.i ii AacnML Am liif izistzizment ii eyei^ jeti 
W/>ibiAg <>f pnaiXer pntt&aJ cdlirj, a few details nt fiir 
th^ illiutratiAii czka ampIificatiGn o£ what it there nk 
"rill nrii be out of place here. The coil of the aeeoodai] 
r/>bbin if exposed to Terr different tendons throagjboiift iti 
hiHiiXh^ The ndMle oi the wizcl when tiie coil acta 
in the nfoal war, has no tension, and mar be taken as thi 
T.^ntral ground between the -f- and — electricities of thi 
Kalres, toe tension on each of which increases as the pole ii 
fi^tyrffochtd^ The tensions reach a TnaTimnm at the poles 
'I Uh electricities of each half have a tendency^ to strike int4 
*ii/;h (^heTf or into the primary coil, or other part of tht 
>/o>;bin c/;nnected with the ground. Even two successive por 
i'loun of the same half have the same tendency, for a less 4 
f.Uiids as a — to a more positive, and a less n^;ative is + ti 
u more — . The object therefore to be aimed at in th< 
hiHiilaiion is to prevent e\t\iei ol thft electricities from sparkini 
into each other ot into t\ie gcouiA. \a.>iafc ^s^^v&ar^ <»sqs^3P^ 
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; is coiled first round the centre of the bobbin all 
y, and layer after layer is put in regular succession 
e the other, with insulating material between. In 
greatest tensions are in the inside and on the 
s, the poles coming directly from them. In this 
it is extremely difficult to maintain proper insu- 
utmost care is needed to keep the electricity of 
lyer of wire from leaping into the primary coil, 
en this is fully accomplished, there is a Leyden- 
t ween the inmost layer of the secondary and the 
3r of the primary coil which hinders the free 
:he electricity at its pole with which it is charged 
neutral point of the secondary wire is put nearly 

midway between the inside 
and the outside of the coil, at 
a place where the insulation is 
best, and least needed. We 
shall mention two ways of 
obviating this defect 

Fig. 145 is intended to shew 
the construction of the cele- 
brated coil constructed by 
Siemens and Halske, and 
^^^•^*^- exhibited at the Exhibition 

P is the hollow tube in which the primary coil is 
tobbin is made of ebonite, and the central part 
.t the ends and thinnest at the middle, being 26 
at the ends and 12 at the centre. It is 95 
in length. To this tube are cemented 150 thin 
few are given in the figure) of ebonite at equal 
ividing the whole length into compartments, 
irtment is filled up with copper wire '14 of 
3 thick, covered with silk and varnished. The 
partments communicate with each other, so that 
wire is continuous from end to end. The 
the whole is 129,000 metres. The silk and 
the wire are sufficient insulation between the 
i in each compartment, and the discs are proof 
spark striking through between them. The coil 
3 said to be insulated, as it were, wholesale and 
insulation of the various parts from each other is 
3te. As regards external insulation, least is 
- the middle compartments, where the tension is 
here is least danger of the electricity breaking 
o the primary coil, T\ife \.exiSiau q\ 'Oqs^ ^\3^ 
'8 ia greatest. Accoxdixig\y , Vk^ ^JQ^^fc S& •^Occax^js^ 
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at the middle and thickest at the ends. The thickness at 
the ends not only prevents the electricity striking through, 
but lessens the liejden-jar action between the ends and 
the primary coiL With one Bunsen cell this coil gives a 
spark of 21 centimetres ; with six cells, one of 58 centmietres 
in length. 

The section of the bobbin of a secondary coil (17 inches 
in length), of much smaller 
size and of a less expensive N ^ | y 

character, is given m fig. ■ ^^^ I *^-"^^ ■ 
146. The coil of which it d^ 1 ^T^' 

forms a part was made by Mr ^J|_BiigmjQjB^g^J[^ 
Hart of Edinburgh, under the 
author's direction, and was 
lately exhibited before the 
Boyal Scottish Society of Arts. 
The central tube^P, is of hard- 
ened wood ; d, D, and d', are '**• ^**' 
thick discs of gutta-percha cemented to the tube. The wire 
is coiled in two portions, beginning at the middle, m; the one 
half being coiled to the right, the other to the left If the whole 
could be seen, it would look like one coil from end to end with 
a disc in the middle. The two halves communicate by a wire 
piercing the central disc at m. Gutta-percha paper is wrapped 
round the tube to a thickness of more than a quarter of an inch 
before the wire is wound on. Each consecutive layer of wire 
(copper covered with silk) is separated from the one above or 
below by two or three sheets of gutta-percha paper. The coil 
has the greatest thickness at the middle, and tapers off to the 
ends. This is done in conformity with a principle discovered 
by Jacobi and Lenz (1844), namely, that in an electro-magnet, 
where the wire is uniformly distributed over its length, the 
inductive power is greatest at the centre and becomes feeble 
at the ends. It is sought in this coil to proportion (approxi- 
mately) the length of the wire coiled in afferent parts of the 
bobbin to the electro-motive force of the primary coil at that 
part. In this way the quantity of electricity given off by 
each part of the coil should be the same (95). The ends of 
the primary coil, where the inductive force is least, are left 
free. The sparks given off by this coil, which are nearly 
seven inches in length (with six Bunsen cells), are peculiarly 
dense, the (]^uality aimed at in the construction. The length 
of the wire is about seven miles. 

The double form of the bobbin throws the middle of the 
wire next the primary coiL Here the tension being least, 
tliere is little or no dang^t oi ^iXia ^^^^^^-v^ ^^-a^t^Kcaj^into the 



1. Aa the wire leaves the centra it i 
, as the tension iJEee, the inetUatJon from the addi- 
I of ffutta-percha paper between the different layers 
easM. The tenaioa is thua placed where it can 
latood. The electricities of the pDles are kept from 
the thick central disc (1 inch tliick and extending 
«yonil the coil), and a conaiderable thickness of 
1 placed over them. Within the coil they are kept 
1 the gatta-percha paper on each half of it. To 
gutta-ueroha from alterinj; in the presence of the 
it usually does, the whole is enclosed in a layet of 
iffin. As the wire is Eymnietrically coiled, each 
IS exactly the some power, a feature never seen in 
instractiou. 

i coils, mercuiy-breaks or rheotomes are almost 
loyed, A wire ia made to dip into a cup of met- , 
;ted out alternately, so as to make and break con- 
primary circuit. The interruption thua made is 
oved by pouring alcohol over the mercury ; the 
I extra-current (119) taking place with more diffi- 
lohol than in air. As pure mercury, when thus 
to be broken up into globules imder the constant 
motion, an amalgam of silver 
or jilatinutn, of a treacly 
consistence, ia substituted 
with advantage. The mer- 
cnry-break, sketched in fig. 
147, and used by the autlior 
in conjunction with the coU 
just described, worka with 
aingolar steadineas and effi- 
ciency. A spiral, se', of No. 
13 copper-wwe ia made of 
about an inch in diameter, 
and six inches in length, 
is stretched out to about 
nine inches, and soldered 
rings on the rod p, 
1 inch in diameter. 
: To shew the construetion 
i clearly, the convolu- 
... tions aie shewn few and far 

*■ ■ apart. In the a]iparatu8 it^ 

self the spiral hidea almost 
od beneath. Tlie rings being wider than the 
1 spiral free from it. The lower ring, 6, ia 
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insulated from the rod ; the other, a, being fixed by a binding- 
screw to it, iA in conducting-connection with it The rod is partfy 
of iron, partly of brass, and communicates with the binding" 
screw, c A wire, m, is soldered to one of the convolutions a 
little above the end of the iron part of the rod, and comes out at 
right angles. It is turned down at the end, so as to dip into 
a cup of mercury, e, which communicates by the pillar, h, with 
the oinding-screw, d. The break is on a separate stcuid &om 
the coU, and is so placed in the primary-circuit that each 
binding-screw is connected with a coating of the condenser. 
When the commutator turns the current on, the spiral is 
gently moved by the hand, and if the wire dips into the 
mercury, continues in constant oscillation. The cup is raised 
or lowered till the point is got where the best sparks pass 
between the terminals of the coil, and fixed there with a 
binding-screw. A spiral, so hung, forms a delicate pendulum, 
which only requires a small force to keep it in steady motion 
up and down. This the electric and magnetic action supplies. 
When the current passes, it goes from c up the rod, down the 
upper part of the spiral into the cup, and thence to the bind- 
ing-screw, d. The iron rod becomes magnetic, and tends to 
send the various convolutions at right angles to the lines of 
magnetic force (111). Moreover, the various convolutions are 
the seat of a current moving in the same direction in all, and 
they consequently attract each other ^g. 93). Under this 
double action, the dipping-wire is lifted out of the mercury, 
and its own elasticity brmgs it back, again to complete the 
circuit, again to be lifted out, and so forth. A reversal of the 
current, causing a reversal of poles, the action of the spiral is 
indifferent to the direction of the current. To prevent oxida- 
tion, the part of the wire that dips should be of platinum. 
The alcohol on the surface must be more than an inch deep, 
otherwise it is scattered about in all directions by the break- 
ing spark. If not, the vessel must be closed with a lid. 

Such a spiral as the one just described is comparatively 
stiif, and cannot be regulated, in the manner afterwards 
described, so easily as one of thinner wire. The number 
of convolutions being small, and the spiral stiff, it requires 
a strong current to work it ; being short, however, it adds 
almost no resistance to the primary circuit. If the spiral be 
made of finer wire, it can be made to work with a very 
feeble current, but then the resistance it introduces into 
the circuit is considerable, and this ought to be as much 
as possible avoided. In fig. 148, another form is given of 
this spiral break. Here the spiral is worked by a separate 
celly and is not in t\ie "^iimai^ Oviqa»^ ^i \3tk& ^lqiL The 
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Bpiral is of the same height as the other when closed and 
.distendedy but of finer wire (^th of an inch)— its diame- 
ter also is less. It admits 
of easy^ regulation. The arm, 
hf which can be fixed to the 
pillar, k, can be inserted into 
any part of the spiral^ so as 
to lessen the oscillating part 
of it ; to shorten, in fact, the 
pendulum. The shorter the 
acting part of the spiral the 
quicker does it oscillate, and 
^ thus any alteration in rate 
^ 4. j f can be got In this arrange- 

ment there are two cups, and 
the projecting wire has two 
dippmg portions, one for 
each, which lise and dip 
simultaneously, or nearly so, 
according to the adjustment 
of the cups. The spim circuit 
is exactly the same as before. 
Fig. 148. The cou-circuit, connected 

with the apparatus, consists 
of the two cups and the wire fork, 710/, and it is complete 
each time the ends of this fork dip into both. The cup, e, 
And the wire, /, are common to ooth circuits, but there 
Vi thereby no confusion or opposition of currents what- 
ever be the direction of the currents transmitted. The 
cap, ly is easily adjusted, so that the dipping-wire, n, leayes 
the mercury just before / does so, and thus the break 
in the coil-circuit is efl'ected only in the cup L The course 
of both currents is marked ; that of the spiral by dotted, 
and that of the coil by full lines. When the dipping- wire 
of this spiral just touches the surface, it begins to moye of 
itself without the aid of the hand. 
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Electricity and Electric Force. 

The remarks made by several scientific journals, with regard 
to the electro-static theory adopted in the preceding pages, 
render some supplementary statement desirable. The two 
points to which exception has been taken are, that electricity 
has a molecular action, and that it is an inductive force. With 
the present imperfect knowledge of the physical nature d 
electricity and of force, we cannot arrive at a satisfactory 
conclusion on all points ; we wish only to shew, that so &r as 
we can judge, these principles, carried out to their full extent, 
are consistent with the established laws of the science. 

That Electridty is an Action among MoUcuUs. — In articles 
29 and 30, it is shewn that bodies are charged and discharged 
by an equal amount of opposite electricities disappeadng or 
becoming neutralised when near enough to communicate with 
each other. Electricities, whatever they may be, never in one 
case can be traced to enter the body ; thev always leave it, 
and disappear at iq)ark or contact Wnen they cannot 
communicate with each other, both electricities exist in them 
to the same amount, and the bodies remain in the polarised 
condition. Faraday has shewn, beyond question (32), that the 
particles of dielectrics, which take minutes or days to com- 
municate electrically with each other, are in a state of polarity 
before discharge, that is communication between them, takes 
place, or while their insulating action lasts. The polarised 
state invariably precedes discharge, shewing that bodies have 
a separate power of transmitting polarity distinct from that 
shewn in spark or contact ; they possess, in fact, two powers 
— that of polarising and that of neutralising, the former always 
preceding the latter. The polarising force appears instan- 
taneously throughout the circuit, the polarity of each molecule 
being a necessary condition to its appearing in alL The velo- 
city of discharge is dependent on the conformation of the 
circuit (38, 50, 152). How or why the molecules of matter have 
these powers, no attempt is made to explain ; but that they 
have them, is matter of fact. The size of the bodies makes 
no difference in this action, a huge mass or a microscopic 
particle acts precisely alike. How otherwise, then, can we 
think than that the molecules of which masses are composed 
have precisely the same properties, only there may be some- 
thing ultimate in tlieii action, -swhich, if known, would explain 
ivliy and how they bo acle^l T!Vi^Taft\<ivd\sKt*Cs^^Q\:^ dielectric 
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•efion eiplMus satiafactotily how conductors aud ncm-can- 
dncion ue alike in kind ; kow a charge caa only reside at 
Uie botmdary of a conductor and non-conductor, oi, which ia 
t)tc BBme thln^i on the Burface of tke conductor ; ho» the 
clatge reaidea m a dielectric, how the polarity of the golvauio 
QRnit ia effected, and kow tke hatt«rj current origiuates in 
tod effects chemical action. Indeed, it aeemB bo necessary to 
the comprehension of these, that it wears more the appearance 
offset than theory. 

That Electricity ie an Ijidnctive Force. — We consider the 
KpaiBt« powers or polarities of electrified masses or molecules 
h) be inductive forces, inasmuch as when the opposite 
polantiea are separated, they ever remain tke same in auiuuiit 
until thev meet and neutralise each other. The reason for 
holding uiia opinion will be best shewn by an eiperimeut like 
Ibe foQowing. deferring to tig. 36, we find tkat the charge 
cm the ball Imng^g inside tke pail inducca a similar charge on 
the outside. Let us introduce a second insulated ball witkout 
cbaige. On making the two touch, tke chaise is divided 
between them, but no change is thereby effected on tke gold 
leaves ontside. Similarly, any number of baUs may be 
tntioduced witkout any change on the leaves. Beginning 

r'n with tke one charged ball, let us for an instant remove 
ball without dischai^ng it^ and introduce into tke pail a 
thick pail of skellac that nearly fills up the space between tke 
ball and tke paiL On placing the ball withm the pail thus 
tomponnded, tke leaves return to their former place. If, 
imtead of a thick pail of shellac, we had made use of one of 
metal, no difference would be found on the outside charge. 
ffe thus find that eitent of surface over which a cha^e is 
diffiued, or lessened inductive resistance as that offered by 
Hu thick shellac or metal pail, makes no difFerence on 
the inductive power of the ckarRe. By no device can we 
lessen or increase the quantity of electricity induced by a 
diaige. Tke energy or work-power of it may alter, and we 
kave reason to believe that it is lessened in both cases, as loay 
be gathered from what follows. Let us now take a case 
where inductive force appears to fail with the same charge, 
I receive a 12-inch spark from an electric machine on the 
knob of a Leyden jar ; I then take the diachaj^ng-tongs 
ud discharge the jar. The spark I now get is under a 
gnaiter of an inch. Is there no inductive force lost here J 
Wo BOT no. The inductive force which acted between the 
ball of the macliine and that of the jar, instead of taking onl^ 
0D« direction, works through tke dielectric glaaa, wmck la 
aacb more jflFourabJe for it? action; ^.\ie TuiwAst wsian. 
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is diverted, not destroyed. The qnantily of electricity 
induced outside the Jar and in surrounding conductors is 
precisely the same. If we could remove the coatings from the 
jar without discharging them, and crumple them up into the 
dimensions of the original balls, we should get the same spark 
as before. Or, had we passed tiie first spark through a solu- 
tion of copper by means of electrodes, and done the same 
with the jar spark, the amount of copper deposited would, in 
both cases, be exactly the same. But it may be said so much 
work must be done to push each electricity in the crumpling 
up in upon itself against its repulsive power. Such is un- 
doubtedly the case ; and we must now proceed to shew the 
relation of this inductive force and work. Before doing so, 
let us plainly understand what we mean. Suppose we have 
two discs touching each other, which, by the action of some 
force, assume opposite and equal electricities on their surfaces 
of contact We have thus only one section polarly electrified. 
Let us now pull the discs away parallelly from each other, 
and suppose for the moment, for tne sake of simplicity, that 
their inauctive action is not diverted from each other into 
neighbouring channels — and it is seldom otherwise in battery 
circuits — ^but that it remains concentrated between them; that 
we have, in fact, a uniform electric field between theuL We 
have still the same amount of electricity in the discs ; but 
instead of having one section so affected, as at first, we have 
now myriads of sections formed by the contiguous surfaces 
of the molecules of intervening air, each possessing the same 
charges as the original discs when together. The amount of 
inductive force here on the original discs is unaltered, but we 
have immeasurably more force brought into existence in the 
intervening air. Whence this has come will be explained in 
the next section. 

The Relation of Electricity to Work. — Quantity we consider 
to be the amount of electricity in one section of the chain, 
and inductive force refers to the fact that the quantity in each 
section is the same, however distributed. Quantity in depth, 
as well as in section, is, according to our views, proportional 
to work in the same medium, but has a different value in 
different media. In the case of the discs just mentioned, 
we conceive that the work expended in drawing them 
away is converted, according to our theory, in multiplying 
the number of charged sections. Whatever heat would be 
obtained by discharge, or the conversion of electricity into 
heat, of the two discs when close together, as much more 
heat would be obtained if discharge took place along the 
whole line wlaen \iViey "^et^ wg^sN. ^ Sk^^ss?^ ^e different 
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11 I lift the one disc from the other when affected 
only by gravity, the eiierey it acquires is Btorei up in. itaelt 
and it would inaks good that eaei^ if allowed to falL When 
1 lift it up under the action of electricity, the energy, according 
to oui viewB, ii not stored up in itself, hut in caUii^ into 
existeace polarised sections of the Bame mechanical value aa 
the first two, in the parallel layers of air. This enetgv would 
be made good if the molecular powers could neutmliHe and 
convert Iheniaelves into heat, or thej would give hack theii 
energy in drawing the upper to the lower disc, thereby throwing 
themselves out of circuit and generating motive energy in it 
Snhatances differ electrically, and if the two discs were drawn 
apart in a medium less specifically inductive than air, the 
amount of work expended in the same distance would he 
proportionately increased. The increased energy of the 
sections thus formed would make itself j^ood in the increased 
heat of discharge. The mere electrification of any section to 
the same inductive poinl^ or to the same quantity, is no 
indication of its work-doing or heat-giving power. Each 
different substance has a separate mechanii^ value for the 
same amount of electricity. Hetnming again to our first 
medium, let us double the charge of the discs, and then draw 
them apart ; to lift the upper disc to the same height as 
before, lour times the work must be done, for not only is the 
force at each point doubled, but a double amount of it has to 
be eeneisted in each layer as ths disc rises. Similarly it 
couM be shewn, if the discs were reduced to half the size, the 
work would be doubled with the same charge. Taking this, 
then, as the action in a tmiform field where the tension does 
not vary, we draw the following conclusions. 

The mere presence of electricity or electric quantity on 
any surface does not indicate work. When we have the same 
amount of charge in each section, the work varies directly 
aa the length of the chain, as the resistance the material offers 
to induction, and as the tension. We estimate work by the 
;pwiuct of quantity or amount of electricity on the end 
aection, and the electro-motive force, viz., the work-power of 
a row of molecules in length or disposed as a normal (per- 
pendicular) to the surface, that is, «i ^ je (131), Practically, 
we must estimate e by the tension and extent of the end 
snrface in reference to r, the inductive resistance of the 
diain, or that which gives to the total amount of electricity 
ita work-value ; thus e^=qr, and w, accordingly, equals gV, or 

— , We consider the two discs and cylinder of particles 

between to he the same as the ^AiiAa o^ a. ^ASwi A -CMi 
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inductive circuit of a galvanic battery before each diKliirgt 
Aa the battery can charge tite chain aa often as it is diaclurged, 
q becomes i, or tha quantity paaaing in a given time ; r th~ 
conductive reaiBtance ; and e, instead of being inBtantaneons,! 
continuouB. It is easily seen, moreover, that the eleetw- 
motive force Taiiea in a circuit tbongh the current doea net 
(63V The total elecbro-molive force of the battttry ia divided, 
at inductive charge, among all the sections of the drcnit, mil 
apportioned to all dike if the circuit be uuiforni, but to euli 
dinerent part according to its resistance If it be not. The 
above equations also hold for electric action in air between 
bodies whose distance doea not alter. With the same electn- 
motive force when the discs above referred to are reduced in 
size, when the distance between tiem ia incteaaed, or when B 
worse conductive or inductive moteiinl Ilea between them, 
the quantity ia proportionately reduced, and as these are 
considered to constitute resistance, Qlmi's law follows h * 
necessary consequence. 

TcToion, PotcTitial. — By tension is meant (36) what U 
called in the fluid theory electric density, or the quantity 
of electricity on a tmit of surface. This nay be, by the aid 
of a condenser, anything with the same cell or battery, Ii 
article 72 it is mentioned that the electro-motive force i 
measnred by its tension. It ia evident that when electro- 
motive forces are compared, the tensions must be in siinilar 
circumstances, or before the same reaiatance. The word ten- 
sion, althongh Btrictly applicable only to electric density, is 
generally looked upon as being on a freely insulated body, in 
which case it impfies a certain work-power between the body 
and the ground, or with regard to a very considerable redst- 
ance. It is therefore necessary to be careful in the iiee of the 
word, ao that its import ma^ not be misanderatood. Before 
the same resistance the tension, or cha^e on a unit of sur- 
face, given by different electro-motive forces varies as the 

On a bull of given ladius insulated in air, a unit quantity 
of electricity implies a certain work-power between it and the 
ground. In consequence of diffusion, the quantity in each ' 
molecule rapidly lessens as the perpendicular leaves its but- 
face, the decrease being aa the square of the distance, and the 
twin unit we must find in aome large portion of the ground, 
where the charge in each molecule is nest to nothing. We 
have thus, practically speakiiig, only the force of the inau- 
lated unit to take into account, the work-doing power of which ■ 
is accordingly ptoporftonal to ftie aimait oi isa tEnaion. The i 
* of attraction Oi lepMiiioB. la bJiSO a& 'Cns w^jJait ii\ ■fc* 



277 

n (44), BO that we may eay the work-power of the given 
i as ite Bttractive or rapalaive force, 
tend of the word tension, naed with reference to the wotk 
Ma he effected hy a cWge when openly inaiilated, or 
eledro-motive force, the wordyoten(iai ia now used, which ia not 
flpea to the objection of a double meatiiog. ' The potential,' 
(iceording to Sir William Thomson, 'at any point in the 
M^hbourhood of within a charged body, ia the quantity of 
»ork that would be required to bring a unit of positive 
electricity from an infinite distance to tlmt point if the given 
distribntion of electricity remained nnaltered.' If the poiat 
here named be + , the potential will also he positive ; but if — 
it will be — ; that is, the work will be done and ilbt expended 
in tlie transfer. The potential, P, of an insulated ball (radiua i) 
in an open space with a charge f, = n -^ fc. 

The etectre-etatic capacity at an insulated body is the reciprocal 
of the reeistance it k placed in. The capacity («) ia the ratio of 
Ibe quantity (q) the body contains when charged at an electro- 
motive force (e) ; thua e = -. When one sphere (radiiw — x)h 



tTound ; then c = — —. The former equations, when stated 

with reeard to i^ are g = ce, w = s^c Speaking generally, the 
laieer the surface of the body, and the thinner or better the 
didectric layer between it and the ground, the greater ia its 
capacity (37) ; c, for a ball in an open space varies as h 

In illustration of the fact that mere charge does not imply 
work, we may take the following. I take a battery of ten 
QtHa, and one cell of the same kmd, and put in each case, 
egy the einc pole to earth, insulatit^ the other poles, I nae 
a condenser, such as that shewn in fig 59, which, let us 
buppose, is delicate enough for my parpoae. Some form of 
the torsion balance is, however, much, better adapted to such 
t purpose, I charge the lower plate with the battery pole 
without using the upper plate, I see the dive^ence of the 
leaves, I do the same with the one cell. I find the goH 
leaves ten tiuies more distended in the first case than in the 
ewond — that is, supposing the angles small. This indicates 
ten times the tension in the one case as in the other (strictly 
the tfinsiona are as the sines of half the ancle of diveraenoe, 
or, more correctly still, the tensions are determmed by an 
e^rimenlal graduation), I now use the upper plate with 
the erne cell, and things might be so arraTigai \)aa.V ftwsjufi** 



t vitbdnw mj fiiij^ from the upper plate, 
tBoi me nwo nvia tbe Iow«r, and Imallj lift off tne tipper 
fkle, aM lite leans indicue a icnfoid 'teneion. Tbiu l^a 
^KK ecU appean la do as mach work, aa the ten. The povet 
•f UM plates to geucnte heat or do work by a diach^ is 
cao^ and I Kave fwciblj to lift swhj the upper plste--4li> 
•didiliiotial wotk, in &ct, befbi« the power of the lov^cplate ii 
«lMt it «aa irh^ chained dii«ctl J b J the ten cella. Wek&ov 
tbat » a eoodvetiTe circuit the one cell, before a certdin 
mill am I. would do ten tintee le» work than ten cells hefoK 
" * ' OatcA. The wmk in lifting off the upper plate 

tlj' (feat Id making np the difference. 

*"' Vm aaid it wUl oe E«en that we look on 
tt medinm as chai)^ in section, and electro- 
motiTe fbice aa charge in dq)th. A rectangular pnsm of 
polanaed paitideaj fx iiutance, inighc have uit«e quantities 
oomapaaaiiig to ita thiee different faces, and three electro- 
motiTB force* being the depths in each ease. The line of 
actioii in which the pnsm occnia will determine which is the 
quantitf and the electio>motiTe force. The quantity thus deter- 
mineit cannot be altered for the same action. It follows that 



allhoogh on the double face which constituted qnantity there 
was the same charge, vet the quantttr in depth or electro- 
motive force WSB holreid. Again, if the participating prisni 
was placed in length, the total quantity and work wouJd be 
■sain haired, for the qnHntily in fection would be halved, 
while the quanti^ in depih remained the same. If in either 
ease this was effected, there would be found to be conducUye 
discharge somewhere accounting for the loss of work. To 
illosttate the bearing of our theory, we maj fancy the total 
amount of wire in the armature of Wilde's machine fo he such 
a prism, each particle of which had a definite amount of 
electricity and of work-force. If the whole were Bolid, the 
quantity- would be represented by the Eection at ti^t angles 
to the aiia. In that case it woidd be prodigious ; but the 
quantity in depth but twice the length of the armature. But 
if it was diyided into a thousand different insulated wires, 
the quantity in section would be represented by the section of 
the wire, and that in depth by the length of the coil. An 
equivalence of this kind is certainly illustrated by the qnantih- 
and intensity armatures of the machine. If any distinotion la 
to be drawn between electro-motive force and eleotiicitj, we 
would say that it was fca.*. eueig -w^i^, iiffisiBd. throtigh a 
eonsecative seriea ml nuAecolea, "^lai. ^itJm. "jraHtKAii ^nsa 
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tiMlricity, and which, the electricity so formed ia prepared to 
giTe back, inductively in electricity, or coadactiTely in heat or 
Oilier form of energy. As, however, the work apent in elec- 
tricity ia equal to the work that the electricity c«n spend, we 
Weak indilierently of the electro-motiva force of a battery or 
« B cliarge given by it. If, in any circuit, wa have a nniC 
ciiaige in eurface with a unit work-value for the whole, the 
dectro-motive force of each row of molecules is alao unity. 

EUciricity and ita Correlatimig. — That friction (24), chemicaX 
action (58), heat (133), and mechanical action (122, 52) can 
be converted into electricity haa been already treated ot 
TtfiBe, moreover, have apparently a, definite equivalent pro- 

Srtion to electricity. Thus, bo much zinc dissolved in. the 
Ltery, BO much heat radiated to the thermo-electric 
batteiy, and bo much mechamcal energy Bpent in the magneto- 
electric machine, are each attended with the production of a 
certain amount of electricity. Conversely, electricity can 
produce chemical action (102), light (■16, 101, 121), heat (100, 
136, 126), mechanical eneigy (87, 107, 142, 143), and elec- 
tricity itself, either as mognetiBm (113), as statical electricity 
(28, 52), or as current electricity (116). 

The equation, work equals quantity into tension or electro- 
motiye force, ia shewn in current and magneto-electric induc- 
tion. Ia the primary circuit of the induction coil, we have a 
current of great quantity with little tension ; and in the 
secondary drcuit, the same converted into a current of small 
quantity and great tension. In Wilde's machine, again, we 
can, according to the kind of coils we use in the revolv- 
ing armature, convert the nork of the steam-engine into a 
itiong current of little tension, or a tense current of little 
strength. One thing ia remarkable — when a current induces 
another or moves another current, or induces maenetism. 
or moves a needle, the current falls in strength so long as 
change ia going forward ; hut when the change is completed 
— when the current haa attained its final position or condition 
with regard to the induced circuit — when the attracting or 
rewUing currents cease to move — when the electro-magnet is 
fblh- charged, or when the needle takes up its deflected 
pomtioii, the current resumes its former strength. 



The Atlantic Telegraph. 

The foUo^ving are the details of conatruction of the two 

itl^itic cables. Pig. 1^9 shews the aect\ou, aiA 'ii^\Wi 'Ob» 
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eiteruBl appeuanee of the 1866 «ible in their full oa (li 
inch in diameter). The cable of 1865 is eiactly the eame "" 
that of ISeC, widi one or two con-esaeutial diffeiencea. 

The eojiductor of both cables conaista of a copper strand of 
mvea wires, ax laid ronad cae, and weighing 300 lbs. jet 
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nnntieal mile, imbedded for solidity in Chatterton'a compomtd. 
Gange of uiagle wire, -046 of an inch ; gangs of atrand, *1*4. 

The iTUidation of both consists of four layers of gutta- 
percha^ laid on alternately with four thin layers of Chatterton's 
compound. The diameter of core (conductor ajid inBolation), 
'464 of an inch. 

The external Refection of the 1865 cable consists of ten 
steel wires, '095 in diameter, each wire surrounded separately 
with five strands of tarred Manilla liemp, and the whole laid 
spirally round the core, which latter is padded with tanned 
jute yam. The external protection of the 1866 cable is pre- 
cisely the same as this, only the wires aie galvanised, and the 
strands of hemp are not tarred but left white. 

If^eiijht in air, 1865— 3& cwt. 3 qrs. per nautical mile ; 
1866—31 cwt per nautical mile. 

Weight in water, 1865^14 cwt. per nautical mile ; 1866 — 
14| cwt. per nautical mile. 

Each cable would bear eleven knots of itself in water 
without breaking. 

The deepest water encountered was 2400 fathoms, and the 
distaTici between Valentia and Heart's Content, 1670 knots. 
The Ungth of the cahloB is, 1866 — 1896 knots ; 1866—1858 
knots. The resiataacei are given by Latimer C3ark as follows : 
the total resistance o! tt\e wj^^t ol ^iift t's.'ilt of 1865, as it 
lies Ht the bottom of lihe Bi.\Mi^'i,160A,?..-k.-amJs,-,i;ai%. rfL 



ISfie, ?209 B,-A. units, conesponiling to 4-009 and 3-893 B.-A.- 

tlita per knot respectively. Li the factury the reriatance of one 

^Ot of the 1866 cable at 24° G was 4272 B.-A. imita The 

111 gutta-percha or inanlatioii resiBtance of each cable ia 2437 

nioDa of B.-A. nnits per knot after one miaute's electriiica- 

^ D, and it liseB to 7000 millionB per knot after thirty minutes' 

dwtrification. In tha factory the inanlatioa reaiatanoe at 24° 

C, was 3TD millions of R-A. units per knot after one minute's 

electrification. The pressure and low temperature of the 

ocean depths have thus immensely improved tlie electric 

condition of the cables. 

Leakage through the Gutta-percha,— Froia the above dimen- 
Bions it will be seen that the gutta-percha covering is -16 of 
an iiuih in thickness. One mile of it will offer an inner sur- 
face of about 200 si^uare feet, eo that for the first mile the 
cnnent has the choice for a passage t« the ground of a con- 
ductor of copper '144 of an inch in diameter and some 1857 
milea in leugui, or of a gutta-percha one, aa it were, 200 square 
feet in thicknesa and -16 of an inch in length. Yet such ia 
j^fiw difference of the conducting power of copper and gutta- 
■■ I that the resistanc* of the copper t* the jiessage of the 
'o that of the gutta-percha foe that mile, provided 
same qualities as the whole, roughly speaking, as 
I to 2400 millions, or as 1 to 333,333. Each cable, when 
•cut/ and chained, fidls from charge to half charge in from 60 
to 70 minutes ; and in the time that a signal lasts, which is 
only a fraction of a second, not so much as i per cent, of the 
cnrrent can be led off by the total gutta-percha coveting. 

The Instramenls. — The battery employed is a modification of 
Daniell's — 12 cells are sufficient for dialling, but from 20 to 
30 are generally used. The rec:ewiy\g-^nstTVmenl ia Thomson's 
Beflecting Galvanometer (167), This consists of a needle 
formed of a piece of watch-spring Jths of an inch in length. 
The needle is suspended by a thread of cocoon-sUfc without 
toreion. The needle lies in the centre of an exceedingly delioata 
galvanometer coil. A circular mirror of silvered gla^ ia fixed 
to the needle, and reflects at right angles to it in the plane 
of its motion. It is so curved that, when the light of a lamp 
is thrown through a fine slit on it, the image of the slit is 
reflected on a scale about 3 feet off, placed a little above the 
front of the flame. Deflections to the extent of half an 
inch along any part of the scale are sufficient for one signal. 
In so delicate an instrument, the sluggish swing of the needle 
in finally settling into any position would destroy its iisefiil- 
nem. To rectify this, a strong magnet, sAiovA 6 m.tW.W^, 
and bent concave to the instrument, ia TftB^e \o ^i^i ■*■% -ksA 
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down a rod placed in the line of the suspending thread above 
the instrument This magnet can be easily shifted as necessity 
may require. The oscillations of the needle due to itself are, 
by the aid of the strong macnet, made so sudden and short 
as only to broaden the spot of light The delicacy of even this 
exceedingly delicate galvanometer can be inmiensely increaeed 
by using an astatic needle (88) ; each needle within a separate 
coil, the one lyinc above the other in the same plane^ the 
current moving through each in opposite directions. The 
mirror is attached to the upper needle. 

Va/rley's Condenser is intended to obviate the delaycaused 
by induction. Fig. 151 is intended to shew its action. H is the 




Fig. 151. 

transmitting-key. B, the sending battery ; LL, the cable ; 
G, the reflecting galvanometer ; C, the condenser — alternate 
leaves of mica or paraflin and tinfoil (120) ; E^ a resistance 
coil ; P, P', earth plates. The earth plates of the Atlantic 
Telegraph are really, however, strong galvanised iron cables, 
extending a mile or two out into lie sea. H is shewn in 
plan, while the rest of the figure is in section. It consists of 
two separate keys, a and 6, moving on axes (at the upper end 
in fig.). They are kept by springs pressing against tne cross- 
plate, c, which is in connection with one of the poles (say — ) 
of B ; a is joined to the line, and h to the earth. When either 
key is pressed down, it falls on the plate, dy in connection with 
the other pole (+) of B. In the normal position of the key, the 
line is through a, c, and b to earth, and d is insulated ; and it 
is easy to see how a -f or -r- current is put to line, according 
as a or 6 is depressed. Let a be depressed, and the + pole 
put to line ; this charges the cable and condenser, and would 
then cease to act if a current did not pass through E, which, 
however, is very slight, owing to the enormous resistance of 
R, a resistance immensely greater than that of the cable. The 
cable at the sending end is charged to a potential (page 276), 
corresponding to the Teaistance of the cable and R ; the re- 
ceiving end and condensex \iO \\^\. ^Q^Tt^-s^^TL^vKv^to R. The 



I 'Jiaigiiig of the condenaer (whoae capacity ia equal to about 70 
^wJte of the cable) ia attended by a defleotioa of the needle of 
^gwhich ceases oa the condenser being fully charged. After 
^depressed, it is allowed to rise back on c, the cable is thus 
Urto earth, its uharge flows out, aad its potential falls below 
M of the condenser, whose chai^ consequently flows through. 
K galvanometer back into the cable, causing a decided oppo- 
te defleotioa This forward and backward motion ot the 
needle fonna a signaL The efiect of the whole is that the 
dniation of each consecntive eignal corresponds nearly to the 
time taken to produce it at the sending end. The reduction 
of the charge of the cable takes time to travel, as a wave, to 
the other side (from ^th to ,'„thH of a second) ; but the prolon- 
gation of the signal, the worst feature of embarrassment (152), 
IS obviated ; and the delay ia less felt as the one cable is used 
B, the other ti ' 



The alphabet is made by opposite movements produced by 
one or other of the keys. The signals need not be made from 
lero as a starting-point. The eye can easily distinguish, at 
- point in the scale to which the spot of light may be 
' ' ', the beginning and the end of a signal, and when its 
'» caused by Uie proper action of the needle or by 
It is thus that the mirror galvanometer is adapted 
il cable signalling, not only by its extreme delicacy, but also 
by its qoicKuesa. The deflections of the spot of light have been 
aptly compared to a handwriting no one letter of which ia 
distmctly formed, but yet ia quite intelligible to the practised 
eje. Signals in this way follow each other with wonderful 
rapidiW, A low speed — some eight words a minute — is adopted 
for public measf^es j but when the clerks communicate with 
each other, as high a apeed aa eighteen or twenty words is 
attained. In feet, it is said that the only limit is the power 
of reading, not transmitting, signals. As it is, the speed of 
aignalling is equal to, if not greater than, that attained on any 
land line of the aame length, an achievement indicative of the 
ahill and geuius that have been directed to Atlantic telegraphy. 
Ajiother most important advantage derived from this 
meth(>d of working the cable is, that no earth-currents inter- 
fere with it. The cable and condenser being insulated, there 
is no voltaic circuit, no way whereby earth-currents can enter 
and leave the line, and any inductive effect must he of a 
transient character. The great resistance of the coil K lenden 
its action with regard to eartii-currents more akin to insulation 
than conduction. For further information, see Good Ward* 
~ .1867^, aad the North Bntiih Ewisw (Jka. 18661. 
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, electric 52, 59, 71, 118 
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Qoantity, electric 64 

Relay 248 
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Rheostat 147 

Rheotome 185, 189, 269 

Roberts's cartridge 227 

Saturation point 11 

Secondary action 163 

Single touch 8 

Solenoids 179 

Sparlf, electric 79, 191 

— f galvanic 101 

Striking distance 90 
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, submarine 242, 279 

Telephone 257 
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Thermo-electricity 214 
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pair 107 

Voltameter 144 
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THE END. 
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